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Abstract
Few problems are so serious as one’s health. For ages, people have tried to help those in need
by providing remedies capable of healing their maladies. They were once the healers, the
curators and the magicians, but things have changed, and science has scrapped obscurant
practices. Nowadays, they are highly trained professionals—the Health Human Resources
(HHR), individuals, such as physicians and nurses, capable of delivering effective health care
services.
HHR planning is then the critical venture that tries to ensure the right number of people
with the right skills in the right place at the right time provide the right services to the right
people. HHR planning has progressed significantly since the first manuscripts were published
in the 50s. Several methodologies have been used, and several inputs were shown to influence
HHR. However, the field has yet to find an established methodology capable of addressing
the many facets of the problem.
Considering this, the present thesis was conceived so as to mitigate some research gaps
and contribute to the field in three different but related ways: first, by providing models and
methods that have several benefits over existing ones; second, by applying those methods to
real cases, in particular to the Portuguese physician workforce; third, by providing insights to
policy-makers, in this way bridging the gap between scientific research, practical application
and policy making. The starting point was an extensive review of the literature in order
to map methods and approaches. From this work became clear an integrated approached
was needed. The ensuing publications were contributions to that integrated approach, but
also covering one, two or all of the dimensions aforementioned. We developed an agent-
based model to better forecast the supply of physicians; we extended that model with
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microeconomic foundations and individual decision-making to study emigration and conduct
policy experiments to inform on retention policies, if any; and finally, we have contributed
with a methodology to improve cross-country comparisons, a tool frequently used in HHR
planning. These models were tried out on data from the Portuguese physician workforce, so
that practical insights could also be gained from the scientific inputs.
We hope this thesis may add real value to HHR planning by providing new methodologies
and approaches useful to both the scientific community and policy makers.
Resumo
Poucos problemas serão tão sérios quanto a nossa saúde. Durante muito tempo, curandeiros
e mágicos tentaram ajudar os necessitados, proporcionando-lhes curas e remédios, que
supostamente tratariam das suas maleitas. A ciência veio trazer rigor à arte, dirimindo assim,
ainda que parcialmente, práticas obscuras. Actualmente, aqueles que providenciam cuidados
de saúde são indivíduos altamente especializados — são os recursos humanos para a saúde
(HHR), médicos, enfermeiros, entre outros, capazes de providenciar cuidados de saúde
eficazes.
O planeamento dos HHR é uma tarefa crítica que procura garantir que o número correcto
de indivíduos com as devidas qualificações está no sítio certo a providenciar os cuidados
de saúde a quem deles necessita. Esta área científica progrediu significativamente desde
que os primeiros artigos foram publicados nos anos 50, tendo várias metodologias sido
usadas, e inputs que influenciam a sua evolução identificados. Não obstante, ainda não foi
possível encontrar uma abordagem consensual, capaz de incorporar as múltiplas dimensões
do problema.
Por conseguinte, a presente tese foi desenvolvida com o propósito de mitigar algumas
das lacunas da investigação, contribuindo para a área científica de três formas distintas,
mas relacionadas. Primeiro, providenciando modelos e métodos que apresentam diversas
vantagens em relação aos métodos em voga. Segundo, aplicando esses métodos a casos de
estudo reais, em particular à força de trabalho médica portuguesa. Terceiro, procurando
derivar implicações políticas e informando os decisores políticos, para desta forma aproximar
investigação científica, aplicação prática e políticas públicas. O ponto de partida foi uma
extensa revisão da literatura, por forma a mapear métodos e abordagens, tendo deste trabalho
xemergido a evidência clara de que uma abordagem integrada era necessária. As publicações
que derivam deste trabalho são, portanto, contribuições para essa abordagem integrada, que
procuram dar uma resposta às lacunas identificadas. Assim, desenvolvemos um modelo
estocástico de simulação por agentes para gerar projecções da oferta de médicos; estendemos
esse modelo para incluir fundamentos microeconómicos e decisão individual por forma
a estudar a emigração médica e a testar políticas de retenção, se alguma; e, finalmente,
contribuímos com uma metodologia para melhorar as comparações internacionais de sistemas
de saúde, uma ferramenta frequentemente empregue na área do planeamento de HHR. Os
modelos foram calibrados com dados da força de trabalho médica portuguesa, procurando
assim que esta tese encete também um contributo prático, que sirva tanto à comunidade
científica como aos decisores políticos.
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Chapter 1
Introduction
No healthcare system can operate without the health human resources (HHR) necessary
to deliver health care services. Mismatches between supply and demand for HHR are an
economic problem, insofar as efficient resource allocation goes, but may also have wide
social repercussions. A surplus leads to inefficiencies and misallocated resources under the
guise of unemployment, to downward pressure on wages, to emigration and to increasing
costs due to supply-induced demand. A shortage, on the other hand, may potentially lead to
lower quantity and quality of medical care and pressures for shorter visits; work overload,
resulting in a sleep-deprived HHR, ultimately compromising patient safety; and queues and
waiting lists, potentially causing avoidable patient deaths.
The situation is further aggravated because health labour markets are, in general, ex-
tremely rigid, preventing market-clearing mechanisms from working. A significant number
of health systems, especially those based on a national health system, feature many rigidities.
For instance, institutional, regulatory arrangements and government-fixed prices; imper-
fect market competition under the form of monopsony in the demand for health labour,
and monopoly power in the supply of health care services; long and demanding licensure
processes that delay access to the profession; etc. may all prevent self-adjustment. Under
these circumstances, when the market is subject to a considerable amount of intervention
and rigidities, and therefore unable to adjust automatically, imbalances are static, requiring
further intervention to force adjustment.
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Hence, effective planning of the HHR is critical to ensure that economic and social
problems arising from an imbalance of clinical staff are avoided, and also to ensure that a
health system can attain health gains, work efficiently, control its costs, and can respond to
quick variations in the demand for healthcare. The problem can be stated as assessing the
right number of people with the right skills in the right place at the right time to provide
the right services to the right people. To restate its importance, HHR planning has been
identified as the most critical constraint in achieving the well-being targets set forth in the
United Nations’ Millennium Development Goals. In fact, the World Health Report 2006:
Working together for health, put forth by the World Health Organization (WHO), estimates
that 57 countries, developing and developed, already face an absolute shortage of 2.3 million
physicians, nurses and midwives. Estimates for 2015 pointed to a dramatic shortage of
physicians in the WHO African region alone. On a global scale, WHO estimated that at least
15% more doctors were needed.
In the news, articles giving notice of health care facilities (especially those located in
the interior) unable to fulfil medical positions or reporting surgical interventions that have
to be postponed and put on hold up to a year or two abound. These news articles concern
Portugal, but many other countries face similar challenges. To aggravate the situation, it
takes years for a physician to obtain medical training, meaning that the problem may remain
unaddressed for years—and in the time in between patients may die. Of course governments
can always resort to hiring foreign doctors. Although voluntary international migration is
in most cases a win-win situation for both the sending and the host country, helping the
respective labour markets to clear, in extreme cases it may lead to a reverse shortage in the
sending country. After having borne the training costs, as in most EU countries medical
education is subsidised, they also have to face a shortage due to misguided planning in
foreign countries. Becoming aware of this, the WHO pushed for worldwide adoption of the
WHO Global Code of Practice on the International Recruitment of Health Personnel. This is
an attempt, albeit limited, to contain the damage caused by migration flows.
In fact, the challenges posed by inadequate HHR workforces go well beyond tracing the
evolution of the supply of and the demand for health care services; grasping the impact of
3international migration flows on the workforce; or assessing how shortages or surpluses may
be mitigated. The topic has entered the agenda of national governments, European bodies
and international institutions, such as the World Health Organisation, and with good reason.
HHR planning has implications at many levels. First, it may disrupt operations in the health
system, as health care services cannot be provided without HHR, at least for now. Second, it
may cause social harm, as unmet care may eventually lead to the death of patients. Third,
there are organisational and political interests at stake. Professional associations are well
aware a limited and highly differentiated workforce provides plenty of bargaining power.
Fourth, most health systems are run, at least partially, by the government, and any decision
will certainly have an impact either on the government’s budget, and therefore on the public’s
purse; or on the economy, and therefore on social welfare.
Therefore, the topic necessarily entails a broad and possibly never-ending discussion.
For instance, one may ask why so many rigidities prevent the health labour market from
self-adjusting, therefore requiring intervention that resembles old-fashioned central planning,
and whether such rigidities should remain in place. In the case of Portugal, only public
universities are licensed to train medical students; just a few private schools are allowed
to have residency programs, despite the tremendous efforts from legitimate and reputable
private universities for doing so; and residency vacancies are defined by the government
based on repute assessed and vouched by the medical association, which therefore limits
access to the profession. Indeed, no other profession is so strictly regulated. Moreover, one
may wonder what are the economic consequences of having virtually no unemployment in
the medical profession—does it mean the best and the worst professionals are both able to
practice? Should there be a way of filtering those that despite having successfully completed
training are clearly unfit for practice? Or should they be given a job simply because there are
no substitutes? Is it fair that other labour markets have to endure an excess of supply because
regulatory barriers set a limit to the health labour market supply?
As much as we would like to target some or all of these questions, as they certainly
need sound answers, this thesis has its scope turned at the health system as it is, accepting
both its advantages and cons. From an epistemological point of view, we therefore take a
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positivist approach to the problem, leaving the merit of legal, political and organisational
choices unquestioned, working upon the current legal framework. Therefore, the answers we
aim to provide to the research questions elicited throughout this thesis will not prescribe any
structural changes to the health system.
Considering this, this thesis is oriented towards addressing the problems afflicting actual
HHR planning, regardless of the health system idiosyncrasies. Ultimately, if regulatory
barriers to entry exist and will continue to exist, political reforms are unlikely, or at least not
imminent, and the health labour market is therefore unable to adjust, then HHR planning is
surely needed, and it should be as accurate and rigorous as possible. Otherwise, large scale,
strategic HHR planning would simply not be needed if that were not the case. HHR planning
is precisely where this thesis is situated.
Having narrowed the scope of this thesis, we can identify three strands of research that
relate to HHR planning and upon which the present work lays. The first has to do with
operations research. At the most fundamental level HHR planning is an operational problem.
Defining the optimal workforce size and adjusting input variables to achieve the desirable
number subject to the many constraints that apply is an operational problem. However,
since we are dealing with capacity planning at a very strategic level, economic questions
also arise. Economic incentives, individual decision-making and utility, production and
input requirements functions, demand for health care services, and many more economic
factors all come into play and need to be incorporated. Finally, HHR planning is absolutely
ineffective if the guidelines and insights resulting from the work developed do not enter the
policy makers’ agenda. Therefore, there are clear implications for public policies, even if no
structural change is being suggested.
In terms of methods to address both the operational and the economic facets of HHR
planning, the scientific literature has not yet reached a consensus on the best way to forecast
future workforce requirements. Given the breadth of research involved, it may be the case
that several competing methodologies will continue to exist, each having its own unique set
of features and limitations. In general, these methodologies tend to focus on a single part
of the problem, be it supply, demand, needs, or resort to static worker-to-population ratio
5comparisons. Notwithstanding, it is critical to understand, if one is to make advances in
the field, how HHR planning has evolved since its early stages of research, the competing
methodologies, and whether more recent research has refocused its methods on new apparatus.
A truly comprehensive review of the literature is probably impossible, and beyond the scope
of this thesis, but a thorough review is most certainly appropriate, culminating in the current
state of affairs and directions for future research. We have developed this theme further,
attempting to ascertain where HHR planning currently stands.
Even a quick glance at the literature shows that simulation has been extensively used
to generate forecasts on the evolution of HHR, in particular System Dynamics (SD), a
systems-level approach. Simulation as a methodology is a typical choice for modelling
complex and non-linear systems. However, SD faces challenges in modelling complex
human behaviour or in dealing with spatial awareness, including that of physicians and
nurses. Its mechanical architecture of stocks and flows makes it difficult and unnatural (but
not impossible) to model complex human behaviour that dictates, for instance, the decision to
emigrate, where the physician decides to practice or whether the physician opts for public or
private practice. Furthermore, it has limited functionality for adding reactiveness or ability to
learn, as no definition of agent or entity exists. In short, it makes it extremely difficult to add
microeconomic foundations to economic agents, and therefore falls short on providing the
tools to incorporate economic behaviour. All of these cases are relevant to the matter at issue.
Considering this, we explored this topic, proposing an agent-based simulation model (ABM)
that forecasts the physician workforce and applying it to the Portuguese health system. We
also account for changes to demand due to demography, factoring in the impact of population
ageing and population decline, and use the model to obtain forecasts for the Portuguese
workforce.
Of the many drivers that affect the HHR workforce, in particular the physician workforce,
it became clear emigration may potentially be one of the most pressing concerns. Emigration
causes, on the one hand, an immediate downsize of the workforce; but, on the other hand, it is
extremely hard to solve, since training fresh graduates to replace those who leave takes a long
time. To draw upon a medical allegory, the pain is immediate, but the remedy takes years
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to take effect. We can see why if we view the health system as a whole, from the moment
a student joins medical school to the moment professionals leave the health system, either
due to emigration, mortality or retirement. It is easy to prevent people from entering medical
schools, but it is extremely hard to push them to do so, since in a free, democratic country
people cannot (and arguably should not) be forced to join a particular course; even if there are
people willing to do so, the process is long. Consequently, if there is no slack in the workforce,
the problem can hardly be solved without resorting to international recruitment, with all the
known risks. All things considered, emigration should be addressed, and the reasons for
doing so are threefold: (i) from the previous work we observed that even small changes to
the emigration rate may affect the workforce size considerably, and therefore the effect is not
negligible; (ii) emigration may play a fundamental role in helping the health labour market
to clear in case of a surplus, but it may also cause shortages; (iii) as previously mentioned,
international migration of doctors may pose a serious problem to sending countries, and
therefore it is a critical matter. Hence, a policy analysis that identifies the circumstances in
which policy intervention should occur and the impact different retention policies have on
the physician workforce is long needed.
We also observed that many studies, in particular white and policy papers but also some
scientific articles, use simple worker-to-population ratios to draw cross-country comparisons
and find the midpoint, as if the average were the right number. Unable to obtain data in
order to apply more advanced and powerful models, policy makers have resorted to these
simple back of the envelope calculations to guide HHR planning. Although such comparisons
may be an interesting starting point for setting the stage to foster and frame the discussion,
imprudent use may take its toll. For example, consider the decision by the British National
Health Service to increase the intake to medical schools by 60%, a resolution motivated by
the observation that the physician-to-population ratio was low in comparison to other OECD
countries. The policy was adopted without first evaluating for other criteria that may affect
the performance of the medical staff, namely the skill mix and productivity. Subsequent
research justified the lower ratio of physicians with a better distribution of the skill mix and
increased productivity resulting from a more efficient task delegation when compared to
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other countries. Whether such cross-country analyses can be improved, lessening the impact
potentially caused by fallacious comparisons, is certainly worthy of academic thought. In
fact, such comparisons can be extremely useful to guide and benchmark policy reforms
provided that the countries being compared are indeed comparable.
This thesis comes forth as an attempt to provide the methodology and the tools to properly
assess and plan for the future needs of the healthcare workforce, in this way pushing the
boundaries of this scientific field and guiding policy-makers towards better decisions. As
a proof of concept, we apply the methods and tools springing from this research to the
Portuguese health system, trying always to complement the methodological work with
applied insights. We hope that bridging scientific research, practical application and informed
decision-making at the policy level is a contribution relevant to the academy, to practitioners
and to the public in general. And above all to patients in need of health care support.
1.1 Problem description
Providing the best healthcare services and equitable access is the ambition of the physicians
and nurses that attend to the medical needs of the population on a daily basis. Practitioners
are a scarce resource and so there is a price to it. In fact, the healthcare sector absorbs a
significant share of the government budget in most of the developed countries. Adding to this,
the wages of clinical practitioners represent a very significant portion of the overall costs.
Thus, due planning and optimal allocation of human resources is of the utmost importance to
ensure that precious healthcare time and money is put to good use.
At its core, HHR planning involves forecasting the evolution in the supply of and in the
demand for healthcare services, the two main drivers of the health labour market in any of
its possible forms: a decentralized and free-market health system; a social health insurance
system with both privately- and publicly-run hospitals; or a centrally planned national health
system. A more comprehensive analysis would also factor in the workforce skills, their
geographical distribution, the impact of technological progress, the epidemiological needs
of the population or the kind of services provided, but the underpinnings of sound HHR
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planning are credible and reliable forecasts. How to generate and actually generating accurate
forecasts is the aim of most research in the field.
Such work is necessary because contrarily to a competitive market where supply and
demand, assuming no hysteresis effects are occurring, tend to converge to equilibrium,
with prices and wages adjusting accordingly and the market clearing, the healthcare sector
exhibits rigidities that may preclude immediate or complete adjustment [24]. For instance,
institutional and regulatory arrangements and government-fixed prices may prevent automatic
price and wage adjustment, implying sticky prices; imperfect market competition under the
form of monopsony, as in some countries hospitals are the single buyer of health care services,
although empirical evidence is mixed and does not fully sustain this hypothesis [12, 34];
monopoly power of the health care providers and labour unions, especially physicians, may
restrict supply and impose price-fixing [33]; access to medical and nursing schools, as well
as residency training, is sometimes limited by numerus clausus set by the government; long
and demanding licensure processes that create a delay in the time required to attain a license
to practice; low or virtually no access fees that have no impact on the demand for health
care services, preventing allocative efficiency; very limited “freedom of choice” in the public
sector; etc. may all prevent self-adjustment. This implies that an imbalance in the health
labour workforce, particularly a shortage, may be extremely difficult to solve without policy
intervention. Table 1.1 lists some of the most commonly found market rigidities that may
prevent the health labour market from clearing.
Table 1.1: Potential cases when the market may be unable to self-correct for shortages or surpluses of
health resources.
Institutional and regulatory arrangements preventing price and wage adjustment
Market concentration in hospitals (monopsony)
Monopoly power of health providers and labour unions
Government-fixed numerus clausus restricting access to medical universities
Long and demanding training to be eligible for clinical practice
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In practice, then, HHR planning has to do with the supply of HHR, and everything
involved in the process; with the demand for health care services, i.e. the medical conditions
that drive people to seek for medical attention; and, most importantly, to whether supply and
demand match and gaps exist in the present or in the future.
Supply is a shorthand for all the practitioners and non-practitioners necessary to deliver
health care. Analysing the supply of HHR thus involves looking at the factors that cause
shifts in supply, that is, either increase or decrease it. For instance, nursing students that
have just graduated are now allowed to practice. By entering the health labour market these
fresh graduates will increase the supply of nurses. On the contrary, if a nurse retires, dies
or emigrates the supply of nurses will necessarily decrease—less nurses will be available
for hire in the health labour market. Moreover, the quantity of health care services these
professionals can provide is severely influenced by how productive they are. If they have
acquired new and relevant knowledge, use advanced machinery or organisational changes
that enhance productivity were put in place these very same practitioners may treat more
people in a shorter period of time, with no impact in terms of health outcomes. In the same
way, delegating tasks between professionals may also affect the supply of HHR. If nurses
are able to provide some kind of primary medical care, then physicians may be reoriented
to perform other more differentiated tasks. Hence, addressing supply involves looking at
the training process and estimating how many students graduate per year, accounting for the
outflows that may reduce the workforce, and eventually also considering productivity and the
skill mix. By eventually we mean that productivity, being extremely relevant in other sectors,
is less so in the health care sector since it is plagued by Baumol’s cost disease—despite the
real wage growth enjoyed by health care professionals, their productivity has not increased
in proportion. Hence, it would not stand as an obnoxious assumption that productivity stays
about the same, although such assumption should always be questioned, and an adequate
model should allow for cases when productivity increases or, less likely, decreases.
Supply is only one-half of the equation, with demand being the other half that together
fully explain variations in the use of medical services. Facing a need for medical care,
individuals may seek a doctor for several reasons: to perform routine exams and screening
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tests, checking if they are healthy and pursuing treatment in case they are not; for medical
interventions related to aesthetic medicine, either because they were prescribed or chosen
voluntarily; to abide to cultural practices and traditions; or because they suffer or have
suffered from a condition of illness, either due to a chronic disease or due to an accident
or injury. In general, we may categorize the factors that drive people to seek for medical
attention as incidence of illness, cultural-demographic characteristics and economic factors
[13].
Medical care has been traditionally framed as a "need", but individuals also make choices
about medical care. And if they do, they are sensitive to factors such as income and prices,
even if indirectly. When an individual postpones medical treatment, such as a surgery or
a medical appointment, either because it faces a long waiting list; cannot afford to pay the
intervention at a private hospital; or as a result of his own self-assessment he is manifesting
will, even if limited. As so, there is an economic choice involved, implying that the demand
for medical care is therefore an economic concept encompassing both the "needs" and the
"wants" [13]. According to seminal models such as Grossman’s health-capital model, health
is a consumption good that requires continuous investment in order not to depreciate, or
put in another way, in order to improve the stock of health, and therefore the longevity
of the individual as well [15]. More recent models, such as Dalgaard and Strulik’s health
deficit model, take another stance at the problem, building on insights from biologists and
gerontologists that have stressed that individual ageing is an event-dependent process rather
than a time-dependent process, although at the population level age is the best predictor of
ageing and death [10]. As a consequence, health depreciates continuously, with some events
speeding up that process (unhealthy lifestyle), and others delaying it (exercise, healthy diet,
healthy lifestyle). This non-negligible change is able to cope with Grossman’s paradox of
infinite lives. Notwithstanding the change to the underlying logic, the demand for health care
does not change substantially, in the sense that individuals still look for health care services
for the reasons aforementioned.
The ontological discussion over the concept of demand is relevant for assessing how we
should approach it henceforth. Being then framed within the realm of economics, we can
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safely assume it is influenced by factors typically affecting the demand for any other goods,
such as income or demographic growth. Income plays a role at the individual level, increasing
the basket of goods an individual may consume, including health care. Demographic changes,
however, hit the population at large. Population size and ageing both influence the demand
for health care services, since if there are less individuals there will necessarily be less
consumption in aggregate terms (even if individually it stays constant or even increases),
ceteris paribus.
Finally, epidemiological conditions, or simply "needs", stand perhaps as the strongest
driver behind health care demand. To many people the decision of seeking health care comes
as an unexpected occurrence frequently associated with a perceived illness or an extreme
injury requiring medical attention. Except for chronic diseases or for conditions already
diagnosed, the onset of illness and the subsequent use of the health care facilities is usually
not planned in advance. In more urgent cases it is not planned at all. Notwithstanding, illness,
which sometimes does not result from previous individual choices, drives people to look for
medical attention. These unexpected events may lead to fluctuations or random elements
in the day-to-day demand of individual health care facilities such as hospitals, suggesting a
stochastic nature. In aggregate terms, however, much of these error terms cancel themselves,
and the demand generated by a chronic condition can be assessed with relative accuracy.
Therefore, incidence and prevalence of diseases, emerging chronic conditions, and how
these diseases may evolve in the future play also a pivotal role. What poses as a challenge, in
particular to epidemiologists, is ascertaining how these diseases will evolve in the future. For
instance, the burden caused by ischemic heart disease and many other cardiovascular diseases
is expected to continue rising mostly due to behavioural risks and unhealthy lifestyles. Type
II diabetes has also been witnessing a growing trend. Standing from the side of economics
and operations research our task is to quantify the impact brought about by the evolution of
these diseases on health care utilization levels, leaving the disease burden forecasts to the
epidemiologists.
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1.1.1 Methodologies for HHR forecasting
HHR forecast models function by projecting supply, demand or both. To determine the
evolution of supply, the initial stock of physicians, nurses or of any other health care
practitioner is considered. The current headcount is then updated according to the evolution
of the factors known to affect it, such as changes in mortality and retirement rates, migration
flows, medical school intakes, etc. Forecasting demand is arguably more complex due to
higher uncertainty over the estimate of the underlying parameters. Common economic factors
such as the evolution of demography, income or GDP growth rate (used as a proxy to estimate
both health expenditure and income growth) influence the demand for healthcare services,
but epidemiological factors, or needs, also play a major role [4]. After estimating both the
evolution of supply and demand, a gap analysis can then be conducted.
Different methodologies have been used to project both the supply of and the demand
for health care services, and they can be loosely grouped into supply- and demand-based
methods:
Supply-based: The focus of supply-based methodologies is on the medical/nursing
training process so as to obtain a clear picture of how many new entrants will join the
workforce, but also of attritions, such as mortality, migration, retirement and so forth,
that may generate flows out of the workforce. More recently, attention has been also
given to productivity, feminization and skill mix of the workforce [35, 39, 40]. In its
most simple form, worker-to-population ratios have been used to establish a desired
ratio for the workforce per unit of population, and having it compared against actual
ratios or against other similar regions or countries [41].
Demand-based: Three methods have been commonly employed from a demand
perspective [16]. Most of the methods build upon the definitions of biological needs or
economic demand [22, 30], namely:
a) Needs-based (potential demand) estimates consist of determining the effect of epi-
demiological patterns, in particular present and future incidence and prevalence
of diseases in the demand for health care services [21];
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b) Economic (effective demand) estimates look at the services actually contracted
by the population subject to the usual economic constraints that may limit the
quantity effectively in demand;
c) Service-target estimates extend a needs-based approach by incorporating other
measures like consumer preferences in order to establish service-target ratios to
be attained;
These methods make use of different analytical tools to conduct the forecasts, falling
into one of three categories: population-based methods, econometric models and operations
research methods [26]. Population-based models rely on demography data, while econometric
models look at trends in aggregates, exploiting causality [29]. Operations research methods
include simulation [3, 19, 36, 37], linear programming [20], Markov chains [17] and Markov
processes [7].
Recent publications have tried to combine both supply and demand into an integrated
model that is able to cope with the many drivers that impact HHR planning [1, 36]. Figure 1.1
depicts a high-level functional diagram that combines these many drivers. On the supply-side,
we have the current stock of workers along with the training process, so as to obtain an initial
snapshot of the current workforce. The current stock, which may or may not be enough to
tackle current demand, in which case an imbalance exists, is subject to in and out flows that
may alter its number and composition. This given quantity of workers may provide more or
less health care services depending on their productivity and skill mix, which influences the
conversion from headcounts to full time equivalents (FTEs). Such conversion is critical to
properly assess the health care workforce, as a significant number of physicians and nurses
work part-time only.
On the demand-side, economic demand can be initially measured by analysing indicators
of utilisation. How this demand will evolve in the future will then be subject to typical
economic factors such as demography and the growth of income/GDP. In parallel, potential
needs can be assessed by incorporating incidence and prevalence of diseases, and then
mapping a given disease to an estimate of FTE requirements. Whether future supply forecasts
should address all of the estimated needs is a decision left to the consideration of the policy
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Figure 1.1: An integrated system that incorporates several methodologies to address the many facets
of HHR forecasting.
maker, as this analysis does not incorporate financial constraints. Such an integrated approach
is more complex, but not necessarily more difficult [40].
1.1.2 Assessing initial imbalances
Ideally, in case data exists, the starting point of HHR forecasting would be to assess the
present situation by performing a gap analysis of the de facto supply and demand in order to
find current imbalances, as these imbalances may considerably influence the projections (see
Figure 1.2) [2]. From an economic point of view, an imbalance occurs when the quantity
supplied by the present workforce of a given skill at a given market or government-stipulated
price is insufficient to attend to the quantity demanded by patients. Such imbalance is in fact
a disequilibrium between the demand for and the supply of labour in the health system.
Alternatively, imbalances may also be measured by value judgment or professional
determination by experts in the field, extending the economic definition of demand effectively
observed or measured with the perceived medical needs of the population [43]. Such
normative stance is usually not bounded by any budget constraint of either the individual
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Figure 1.2: Comparison of the impact not accounting for the initial imbalance (a) and assessing
current imbalances (b) can have on the forecasts.
agent, the insurance company or of the national health system, as the objective is to pinpoint
unmet care needs.
Evidence in several countries suggests that some are already in the presence of shortages
or surpluses, but despite this growing concern few HHR planning models actually consider
the presence and magnitude of these imbalances [28]. Instead, most models assume that
the market is in equilibrium, i.e. there is no shortage or surplus of HHR, and start from
there, which will affect the estimated gap both in the baseline year and throughout the
projection period. Some models perform the forecasting so as to guarantee that current
worker-to-population ratios are maintained; other models assume that demand, indirectly
measured through the current levels of utilisation, will stay constant, providing no statement
or assessment whether such levels of utilisation already satisfy all the needs of the population.
In most cases, however, not accounting for current imbalances is explained by the lack of
reliable data and methods.
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Typologies of imbalances
Imbalances may occur at several levels and are more complex than a simple mismatch in the
headcount of professionals. Several categories can be considered [42]:
1. Profession/specialty imbalances cover disproportions between different professions,
such as physicians and nurses, but may also expose shortages of a particular type of
specialist;
2. Geographical imbalances reveal asymmetries between cities, regions or states, with
urban-centres usually benefiting from a significantly larger workforce than the country-
side. On average, the headcount may seem appropriate, but without a detailed analysis
of how practitioners are distributed some regions may end up with an excess of human
resources while others strive to fill vacancies;
3. Institutional and services imbalances reflect the differences in the endowments of
health care facilities and services, with separate health service units providing disparate
quantity and quality of service;
4. Public/private imbalances are those related to divergences in the distribution of practi-
tioners between private and public sector. With disparaging wages between the two
sectors, health labour tends to flow to the sector capable of providing higher wages,
creating a potential deficit in the other sector;
5. Gender imbalances relate to disparities in the male/female distribution of the work-
force, which may be a fundamental criterion in countries where sex ratios differ
considerably. This is relevant not only for gender equality reasons. It has been shown
that female doctors generate better outcomes in a consistent manner, as their practice
patterns tend to be more evidence-based, sticking more closely to clinical guidelines
[38]. Better outcomes lead to less visits to the doctor, and therefore less pressure on
the health system.
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Measuring imbalances
If labour shortages or surpluses are critical determinants of the accuracy of HHR planning,
the question of how to measure these imbalances then arises. Theoretically, such exercise
should be straightforward. In practice, there is no single indicator capable of providing an
instant snapshot of the health market, and so several proxies have to be used and weighted
against each other to achieve an estimate of the current gap.
Some countries analyse current imbalances by incorporating data on the available va-
cancies for physicians in the hospital sector. Others consider also the distribution of general
practitioners in rural areas, anticipating a potential imbalance in the geographical distribution
[28]. Alternatively, a survey from the main health care providers, hospitals, private-run
clinics and long-term care facilities can be conducted to obtain information on potential
difficulties in filling in vacancies [28]. In other studies, the demand for a given speciality is
estimated using three indicators: increases in office visits in previous years; waiting times
in comparison to other specialties; and benchmarks from health maintenance organisations
(HMO) on the future requirements for that particular specialty [32]. Also, benchmarking the
current situation against a needs-based estimate is also common practice in models where
present imbalances are accounted for.
In fact, the combination of indicators to use will mostly depend on the typology of the
market and the type of health system. Countries with a large private sector can use economic
indicators like real wage rates and market rates of return as signs of abundance or scarcity,
since prices in a free-market signal resource availability. Highly paid specialties may signal
a small supply, and therefore the lack of market-driven competition; on the other hand,
low wages combined with high unemployment rates may suggest an excess of that specific
profession given current demand. Complementarily, operational indicators obtained from
hospital units and other health facilities may also provide insightful information. Unfilled
vacancies, waiting lists, surveys to the hospital’s management board, hours of overtime
work, etc. are all suggestive of a mismatch in the health labour market. Additionally, simple
benchmarks between regions or countries using physicians and nurses to population ratios
may also be used, although this a very unreliable comparison, as experience suggests [5].
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Table 1.2: List of indicators that can be used as a proxy to assess current imbalances in the healthcare
market.
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Table 1.2 provides a list of economic and operational indicators along with the advantages
and disadvantages of each approach. They are a critical asset to uncover potential imbalances,
but complications may arise when using multiple indicators. For instance, two indicators may
exhibit negative correlations between them, yielding conflicting conclusions. Furthermore,
the same indicator may present negative autocorrelations between observations in different
moments in time, complicating its interpretation. Finally, indicators may also be changing as
a response to cyclical adjustments or a temporary peak in demand, and as a result may not
correctly portray the structural trend in the long term.
In the end these indicators do not provide a definite answer to the problem, but rather a
predictor on the likelihood of a shortage or a surplus—the HHR planner’s canary in a coal
mine. Continuous monitoring and calibration may enhance the quality of the assessment.
In fact, the repeated incidence may in fact suggest a distortion in the market, originating
more robust results. Consider, for instance, a country where the following is observed at
the same time in the health sector: rising wages; low unemployment; high or persistent
vacancies; increasing use of overtime work; increasing use of temporary workers; waiting
lists; increasing use of non-traditional workers (retirees, foreign doctors, etc.). These relevant
indicators are highly suggestive of a shortage [31].
It is also worth noting that there is a positive correlation between health worker density
and positive health status and outcomes [8]. Such empirical evidence helps to support the
proposition that a shortage and a surplus have different degrees of importance, as we have
already stressed in the beginning of this chapter. In this sense, if an exact balance is difficult
or impossible to attain, it is better to err on the side of caution and have a skilled and available
workforce to attend to the needs of the population at any time rather than a shortage of
workers. That is even more so in the extreme case of pandemics, where all the assistance
from health care professionals is critical.
20 Introduction
1.2 Research objectives and methodology
1.2.1 Objectives
Contrarily to some other research fields, where a set of somewhat stable methodologies
is used to solve varying instances of conceptually similar problems, in HHR planning no
preferred approach or technique has been established yet. This may be explained by several
factors, including an extremely long planning horizon, which makes it difficult to validate
previous forecasts; the high degree of uncertainty and complexity of the problem; the market
rigidities found in the health labour market, which move it away from standard Walrasian
equilibrium economics; or policy decisions and interventions that are extremely hard to
model, and that may invalidate previous forecasts.
Some methods have stood the test of time and others have been discarded. It is not
obvious whether some have become obsolete on the grounds of technical limitations, or
simply because there was not enough computational power at that time. Also, given the
interdisciplinary nature of the problem, it may be the case that a robust approach requires an
integrated model, combining different methods. Therefore, we need an extensive literature
review to come to grips with the extent of methods in use in the field, since existing literature
reviews are both narrow and outdated. This leads us to the first objective, arising from the
following research question:
Q1 Which methodologies exist and are still used for HHR planning?
A preliminary glance at the literature highlighted the fact that methodologies are usually
supply-, demand- or needs-based. The trend has been towards greater integration, as both
supply and demand impact the health labour market. Of all the methods usually employed,
simulation has been perceived as the most adequate to address the problem [26], since it is
capable of handling all the relevant dynamics without requiring relaxing important assump-
tions [14]. Although simulation, in particular System Dynamics, has been used extensively,
it lacks important features required to pursue further integration. By working with aggregates
it makes it extremely difficult, if not impossible, to model complex individual behaviour. In
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such case, incorporating microeconomic fundamentals in the agents is impossible, rendering
it useless to study problems at the micro level, but the health labour market is in fact a
congregation of individual, institutional and business agents. Agent-based simulation (ABM),
despite being a newer technology, does not suffer from this. However, no ABM model has
been proposed to forecast HHR. This gave origin to the next research question covered in
this thesis:
Q2 How can HHR planning be modelled using agent-based simulation?
From both the analysis of the literature and some exploratory modelling where all the
relevant inputs were factored in, it came to light that the uncertainty over some inputs may
generate very disparate forecasts. For instance, emigration may give origin to large variations
in the workforce projections. The government has the possibility of stepping in in order to
prevent imbalances from sudden emigration. However, these questions remain understudied.
Which public policies to endorse, if any, and their impact on the workforce, either to attain a
balanced workforce or to retain practitioners, are questions worthy of attention. From this
observation another research question was raised:
Q3 Should government promote retention policies to mitigate or prevent the emigration of
practitioners, and what is the impact of such policies on the workforce?
Finally, the literature review also brought to evidence that cross-country comparisons are
used routinely for HHR planning, perhaps due to their simplicity and low data requirements.
It is very frequent to find raw comparisons between worker-to-population ratios, a practice
that obfuscates all the complexity and heterogeneity of health systems. The aforementioned
case of the UK, where a policy intervention was enacted based solely on the observation
that the domestic physician-to-population ratio was low compared to the OECD average,
illustrates the damage a misleading analysis may cause [6].
Some attempts have been made to group countries by similarity, in this way reducing
the error-proneness of random comparisons or comparisons to the average [25, 27]. In one
case, countries are grouped by efficiency scores, according to a measure of a mean score
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by health outcome, i.e. countries obtaining similar outcomes (life expectancy, amenable
mortality rate, etc.) are grouped together. In another case, countries are grouped based on
institutional typology and health policies, i.e. countries that share broadly similar health
system architectures in terms of provision, financing and regulation. None of these studies,
however, group countries based on their inputs, both in terms of physical and human resources,
and also of medical needs of the population. We then arrive at the last research question:
Q4 How can cross-country comparisons be conducted in a robust way, so that benchmark-
ing can inform decision-makers properly and help elaborate policies?
1.2.2 Methodology
HHR planning is a broad area, requiring inputs from several research fields. On the supply-
side, a snapshot of the workforce over time is necessary to understand whether it is expanding,
contracting or remains constant. This forecast will provide a rough estimate of how many
practitioners are integrated in the workforce, but also of how many may be available for
hire. Furthermore, how the workforce actually delivers health care services, the pace of
technological evolution, the underlying organizational structure and clinical practices all
impact both productivity and outcomes, which should be also assessed.
On the demand-side, economic growth, demography and needs may all influence the
demand for health care services. Economic growth is relevant since the demand for health
care services, or for any other good or service, changes following variations to disposable
income. Demography is also critical at two levels: first, to gauge whether the population
will expand or decrease; second, to account for population ageing, which puts additional
stress on the health system. Finally, needs somehow reflect the population’s morbidity, in
particular incidence and prevalence rates, the evolution of chronic diseases, etc. On top of all
this, health systems have a significant presence of the State, with institutional stakeholders,
the government and several other economic agents exerting an influence over power, which
requires also studying the problem from a public policy perspective.
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These subproblems are large and relevant enough to have their own scientific agenda.
When we pin down each of the scientific areas and methods pertaining to HHR planning, as
depicted in Figure 1.3, it becomes clear its broadness requires an interdisciplinary approach
to capture all its dimensions.
HHR PLANNING
Forecasting Organizational structure
Health
production
Demography 
trends Morbidity
Concepts
and
Activities
Methods Econometrics Simulation Optimization Benchmarking
Scientific 
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Health 
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Research
Health Policy & 
Public Policies Epidemiology
Figure 1.3: An integrated system that incorporates several methodologies to address the many facets
of HHR forecasting.
First and foremost, HHR planning concerns the allocation of scarce resources, matching
supply and demand, and therefore it is an economic problem. Thus, it requires knowledge
stemming from economics and health economics. Models on health labour markets and health
systems; health outcomes and efficiency; international migration; as well as microeconomic
foundations for decision-making, preferences and choices; production functions; productivity;
etc. are all critical concepts the economic field has been studying for long.
Operations research also plays a significant role, providing the tools to approach the
problem. The complexity involved in forecasting the supply of and the demand for health
care services is such that econometric models may be unable to incorporate all the non-linear
and stochastic traits. Therefore, computational methods, such as agent-based simulation,
are perhaps a better fit. In fact, this recent tendency to employ agent-based computational
economics (ACE) has given origin to a scientific strand of its own.
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Big Data tools and methods, such as data mining, can also be extremely useful in the
analysis of health systems, and in providing a solid methodology to group countries featuring
very particular characteristics in the way health care services are delivered, so that further
cross-country comparisons may then be drawn. Actually, these tools are nowadays broadly
used for making sense of the huge amounts of health data that is becoming available, both
from a clinical perspective, which falls outside the scope of this work, and from an health
systems perspective, as it can help in exploring knowledge contained in data from hospitals
or any other health care facility.
Finally, all these research questions have policy implications. We therefore require
an apparatus from a public policy perspective to frame both the problems and potential
interventions. Health and public policy are fields that may also contribute method-wise.
1.3 Thesis synopsis
We have chosen to elaborate this thesis as a collection of papers in publication and papers in
review by international peer-reviewed journals instead of a monograph. This decision entails
pros and cons. On the one hand, it reports material already in print that has been subject to
peer review and improvements. On the other hand, some introductory parts may be repetitive.
With this in mind, each of the remaining chapters correspond to a paper.
Figure 1.4 provides an overview of how all the chapters collate. Chapter 2 reports the
results of the literature review that gave origin to a functional proposal of an integrated
model (depicted in Figure 1.4), as well as some new and interesting research questions and
gaps. The literature review uncovered some research gaps, and helped in making sense
of the plethora of methodologies employed in HHR planning. From supply- to demand-
to needs-based methods, all are in fact required to obtain a good estimate of workforce
imbalances. Our contribution was therefore synthesising the approaches reported in several
publications, providing a functional description of a conceptual integrated model.
From this introductory work followed Chapter 3, an actual contribution of a model
to forecast physicians’ requirements using agent-based simulation, and also to assess the
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Chapter 2 – Handling healthcare workforce planning with care: where do we stand? (Literature view)
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Figure 1.4: Thesis synopsis. Each chapter gave origin to a publication.
impact of demographic changes. The model was used to forecast the Portuguese physician
workforce, including its 52 specialties. The contribution was twofold: first, an implementation
of an agent-based model to forecast the physician workforce; second, actual projections
of the Portuguese physician workforce based on real data, and also of the impact expected
demographic changes may bring.
Chapter 4 derived directly from the work developed in the previous chapter. It came
to light that emigration may influence the projections significantly, and it may be the case
that intervention is required to prevent further “brain drain”, especially in case of a shortage.
Consequently, we conduct some policy experiments on a concise model of the health labour
and migration markets that emerge from individual agents with decision-making capabilities.
Our contribution is in the field of agent-based computational economics applied to health
care, where we provide a model of a non-Walrasian health system to study the impact of
policy interventions on the workforce.
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Finally, Chapter 5 attempts at tapering a research gap brought to light in the literature
review, that is, the sometimes flighty way cross-country comparisons are conducted. We
propose a methodology to group countries sharing similar traits in terms of their health
systems, so that ex post comparisons may then be drawn in a more robust way. The contribu-
tion is methodological, where we show how to use data mining tools, such as k-means and
hierarchical clustering to group similar countries, and illustrate its application by grouping
OECD countries.
1.4 Conclusion
HHR planning still has a long way to go data- and methodology-wise. This thesis was a
small contribution to push its frontier, supplying new methodologies to approach the problem
in its many dimensions, and helping to bridge the gap between academic research and
policy-making.
In summary, we have contributed with a literature review that tries to synthesise the
best academics and practitioners have produced. Although methodologies abound, there is
still no definite approach to address HHR planning. This work gave origin to a functional
description of an integrated model that combines supply-, demand- and needs-based methods,
which we hope may lay the foundations for further work. Based on this we implemented a
model to actually forecast the supply of physicians using stochastic agent-based simulation,
contributing with both a robust method and a practical application. The model was used to
project the Portuguese physician workforce, and also to estimate the impact demography
may have on the demand for health care services, and it constitutes a solid starting point for
incorporating microeconomic foundations. In fact, we did so in the next publication, where
we studied the impact emigration may have on the physician workforce. We implemented a
simple economic model using agent-based computational economics to study and experiment
with policies. The contribution was again both methodological and practical, as the model
was applied to the Portuguese physician workforce, providing relevant insights. Finally,
we also contributed with a framework to group countries that share similar health systems
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input-wise, i.e. human and capital resources, incidence and prevalence of diseases, etc.
This contribution may help in conducting more robust cross-country comparisons, ensuring
comparable countries are being compared.
We believe this thesis is a contribution to the scientific community and to the advancement
of methodologies and tools available for conducting sound HHR planning, but also a direct
contribution to society.
1.4.1 Contributions
The work underlying this thesis instigated several scientific contributions at various levels.
The research agenda and the results obtained gave origin to four scientific papers published
and to be published in international peer-reviewed scientific journals; two working papers;
one book chapter; over ten communications at international conferences; a participation in the
EU Joint Action on Healthcare Workforce Planning and Forecasting; and a project research
grant, HHRPLAN (Grant No PTDC/IIMGES/4770/2014), developed in co-authorship and
financed by FCT (Fundação para a Ciência e Tecnologia) that builds upon the foundations
laid by some of the work developed, and bringing together several national and international
institutions, such as Universidade do Porto, Instituto Superior Técnico, Administração Central
do Sistema de Saúde (ACSS) and Cardiff University.
In terms of the thesis herein presented, in Chapter 1 we provided a brief overview of the
research field, in particular the challenges involved in HHR planning, the research questions
and the several methodologies employed to address the problem. One of the critical points
identified was in assessing the current imbalances the workforce may face, as ignoring an
existing gap may lead to that imbalance being propagated throughout the projections. We
conducted a brief analysis of how these imbalances may be detected using both economic
and operational indicators from health care facilities. This work resulted in a book chapter
published in the handbook of the EU Joint Action on Healthcare Workforce Planning and
Forecasting, an EU-funded research project on the topic:
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1. Amorim Lopes, Mário, Álvaro Santos Almeida, and Bernardo Almada-Lobo. 2015.
“Assessing the Current Situation.” In Handbook on Health Workforce Planning method-
ologies across EU countries, 296–306. EU Joint Action Health Workforce Planning
and Forecasting. ISBN 978-80-89825-00-4
Chapter 2 contributed with a literature review, covering a very large period that goes as far
as 1950. We elaborated a list of methodologies that have been used in HHR planning since its
early stages as a research field, highlighted a growing tendency to use integrated approaches
that bring together supply-, demand- and needs-based methodologies, and based on this we
proposed a functional representation of an hypothetical integrated model. This preliminary
work paved the way for future research, uncovering gaps. For instance, it showed that existing
methods to model the supply of HHRs typically follow a systems-level approach, therefore
being unable to model at the individual level. Also, it brought to evidence how frequently
naif approaches are used to inform policy makers. Comparisons against the average, a very
typical benchmark tool, are not only highly misleading, but may also be detrimental to the
health system, as the documented case has shown. This Chapter culminated in the following
publication:
2. Amorim Lopes, Mário, Álvaro S Almeida, and Bernardo Almada-Lobo. 2015. “Han-
dling Healthcare Workforce Planning with Care: Where Do We Stand?” Human
Resources for Health 13 (1). BioMed Central Ltd: 38.
doi:10.1186/s12960-015-0028-0.
Chapter 3 is an actual proposal of a stochastic agent-based simulation model to project
the evolution of the physician workforce. The contribution was both methodological, as we
have described and implemented a stochastic ABM capable of forecasting the physician
workforce; and practical, as we have used the model to project the supply of Portuguese
physicians. We also took into account the impact on the demand for health care services
demography may bring, and addressed potential sources of uncertainty by running Monte
Carlo simulations that subject parameters to random variations. Results have shown that
although the supply of physicians remains fairly constant, ceteris paribus, demography may
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play a significant role. On the one hand, the population is expected to decline, which could
suggest less health care services to be required. On the other hand, however, ageing takes its
toll, and our results suggest it outweighs the size effect. Hence, despite declining, ageing
plays a larger effect, leading to an increased demand for health care services at current
productivity levels. The work lead to an article being published in the Journal of Health Care
Management Science:
3. Amorim Lopes, Mário, Álvaro Santos Almeida, and Bernardo Almada-Lobo. 2016.
“Forecasting the Medical Workforce: a Stochastic Agent-Based Simulation Approach.”
Health Care Management Science. Springer US, 1–24.
doi:10.1007/s10729-016-9379-x.
The previous chapter also highlighted a relevant research problem related to emigration.
The Monte Carlo simulations conducted before brought to evidence that emigration is indeed
a source of uncertainty, as small variations in the emigration rate may lead to large variations
in the projections. The problem is further aggravated if the health labour market is short of
medical practitioners, in which case emigration can further add to the problem. Traditional
equilibrium models of international emigration barely apply to a market as rigid and atypical
as the health labour market, and thus analysing the impact of retention policies to mitigate the
impact of emigration requires a novel approach. To this end we have devised an agent-based
computational economics model, with heterogeneous individual agents with decision-making
capabilities, from which an health labour and a migration market emerge, which we have
described extensively in Chapter 4. We used this model to experiment with different policy
levers, gauging their impact on the Portuguese physician workforce. The model and the
ensuing results gave origin to a working paper, later adapted and submitted to an international,
peer-reviewed journal for publication:
4. Amorim Lopes, Mário, Álvaro Almeida, and Bernardo Almada-Lobo. “Physician
emigration: should they stay or should they go? A policy analysis.” Submitted to an
international journal for publication. In review..
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Chapter 5 is the last scientific contribution of the thesis. It proposes a methodology for
grouping countries based on several characteristics of the health systems, and applies it to
the OECD countries. This work was born out of a research gap identified previously in the
literature review (Chapter 2). It became clear that simple cross-country comparisons against
the average, or even against individual countries, are very error-prone, potentially giving
origin to misleading conclusions. Therefore, a more robust approach was needed to perform
cross-country comparisons and derive more robust insights from such a useful tool. Note that
this is extremely relevant for the topic of this thesis, as most of these country benchmarks
were performed to gain insight on HHR planning, in particular on whether the number of
physicians or nurses deviates much from OECD’s average—a misleading comparison, given
the differences in health systems. The resulting work was first published as a working paper
and then submitted for publication to the Health Systems journal:
6. Amorim Lopes, Mário, Carlos Soares, Álvaro Almeida, and Bernardo Almada-Lobo.
2016. “Comparing Comparables: an Approach to Accurate Cross-Country Compar-
isons of Health Systems for Effective Healthcare Planning and Policy Guidance.”
Health Systems, February. doi:10.1057/hs.2015.21.
1.4.2 Further work
Much more remains to be done. In the course of this thesis we faced many challenges, and
the work developed unleashed a great number of research questions that remain unanswered
either due to time constraints or to lack of data. For instance, there are no historical records
available for the stock of Portuguese physicians, with the existing data going no further
than 2013. Moreover, the information available reports on the public sector only. Since the
training process takes at least 10 years to complete (6 years at medical school plus 3 to 5
years at a residency program), running a backwards simulation in order to fully validate the
model is not feasible. Using data from other countries is also not possible, as that would
require changes to the model due to the particularities of each health system, and thus the
model being validated would be a different one. Furthermore, some input data, such as the
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emigration rate, the number of physicians practicing in the private sector or the number of
physicians accumulating with the private sector, is simply unknown. When we developed the
model we tried to overcome these limitations by first recognizing there is a lot of uncertainty
surrounding these inputs, and then by running Monte Carlo simulations, which provide an
insight on how variations in these unknown input parameters may impact the forecasts. In
fact, we aimed at providing several possible outcomes depending on how these parameters
may vary, other than obtaining a definite projection of the physician workforce. We are
currently conducting expert elicitation workshops with key stakeholders in order to gauge
the interval within each these inputs may likely vary. Such insights will help to improve the
calibration of the model.
Another limitation of the present work has to do with regional asymmetries, which have
not been addressed. We are well aware a gross number reporting the physicians headcount,
even when the number is arguably large, may hide huge disparities within the health system,
meaning that in some places there may be a surplus and in others a shortage. Physicians
seem to prefer to practice in urban, more dense areas, either because they were born there,
had to move there in order to pursue a medical career, or because opportunities to practice
in the private sector are more common. Regardless of the motives it leaves the interior
underserved. There is a lot of literature on policies to mitigate some of these effects and
encourage physicians to settle and practice in the interior, but less so to forecast how these
regional imbalances may evolve under these policies. Adding to this, recent evidence has
shown that nurses with advanced studies seem to be an effective replacement to general
practitioners at primary care centres, with no discernible impact on health outcomes, on the
contrary [18, 23]. If that is the case, physician-nurse task shifting could help to alleviate some
of the stress put on the health system, or address some missed care due to the lack of human
resources. Skill mix is therefore a very relevant driver that also needs to be accounted for in
the projections. In such case, independent projections of both the physician and the nursing
workforce are pointless—an integrated forecast, where skill mix is taken into account, is
therefore required.
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Considering this, a model to forecast the nursing workforce would be needed so it can be
further extended to study skill mix. We have already illustrated how to use ABM to conduct
such forecasts for the physician workforce. Adapting the model to the nursing workforce
should require a minimal effort. It could then be used to study the conjoint evolution of the
physician and the nursing workforce, and how the nursing workforce could compensate a
potential shortage of physicians, all things considered. In fact, in some places graduated
nurses have been replacing general practitioners with very successful health outcomes. If
that trend continues and even intensifies, a decreasing physician workforce may then not be
an issue.
Regardless of whether the future holds a surplus or a shortage of HHR, some intervention
may be required to overcome the market rigidities that prevent the health system from self-
adjusting. Being that the case, this work would most certainly benefit from an optimisation
model capable of adjusting policy levers that will bring the stock of physicians, nurses or any
other health professional back to desirable levels—when the gap between supply and demand
is nil. Several approaches could be followed, with a Mixed Integer Programming model
topping the list of candidates. However, many constraints apply, since the problem goes well
beyond adjusting numerus clausus, as the work on emigration highlighted. Even if that were
the case, vacancies cannot simply be opened or closed, running the risk of disrupting medical
schools. The transition should be smooth, and the increase or decrease distributed throughout
a larger time horizon. The problem is not only operational, but also economical, political and
social. A reflection on how all these different schools of thought can be integrated is also
well needed.
Some of the issues arising from this thesis and mentioned previously will be targeted by
a research project funded by FCT that will further extend the work developed, encompassing
the models developed in a larger, broader decision support system (DSS) capable of informing
policy makers. Figure 1.1 provides some hindsights on the most significant points and Figure
1.5 details the features the DSS should have. The integrated simulation model is the backbone
upon which several other features will be added. In particular, the DSS should be able to
provide scenario analysis and foresight using inputs from experts in the field. For instance,
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whether the burden of a particular pathology will increase or decrease may influence how
demand evolves, and therefore how supply should match the demand for health care services.
Also, and since policy objectives are met using instruments, a MIP-based optimisation model
is to be incorporated in order to adjust policy levers such as the number of vacancies. Despite
constituting an adequate tool for assisting technical discussions, other economic and political
decisions still stand, and therefore a political stance is not to be dismissed. It can, nonetheless,
help in promoting evidence-based public policies.
Scenario 1
Scenario 2
Needs
Demography
Utilisation
Training
Productivity
GDP/income
Skill mix
ExitsSimulation model
MIP-based 
optimization model
Decision support system for improved HHR planning
Policy control instrument (vacancies)Robustness and validation
Scenario 3
Effective
Demand
Projected
GAP
Potential
Demand
Supply
Current imbalance
Figure 1.5: A decision support system for HHR planning.
Another point deserving appropriate attention and research has to do with productivity.
Although the health care sector seems to suffer from Baumol’s cost disease, as real wages
do not grow pari-passu with labor productivity growth, disruptive technological changes
will eventually affect HHR productivity, and in some cases replace them. Robot surgeons,
Big Data applied to disease diagnosis, and so on, will definitely impact the way health care
34 Introduction
is delivered. It already has. Very recently, researchers have built an artificial intelligent
algorithm based on neural networks capable of outperforming 21 dermatologists on diag-
nosing skin cancer [11]. If computer-based diagnosis is the future, perhaps specialties such
as dermatology will be less needed. Coincidently, our forecasts show that the number of
dermatologists may increase in the future. More generally, the internet revolution (one single
human cannot compete with loads of data reporting diagnostics from thousands to millions of
individuals distributed throughout the world) and these recent events may be the long needed
remedy to cure Baulmol’s disease. All this add to the already difficult task of forecasting
HHR, but are critical for assessing how many health care services a physician or a nurse can
deliver. Sensitivity analysis and scenario building may be a starting point, but perhaps more
foresight analysis is needed. Again, the forecasts may be a good starting point for fostering
discussion.
Finally, the demand for health care services has been overlooked. Although we have
incorporated demographic projections to the model detailed in Chapter 3, which have allowed
us to project how current demand levels may be affected by the population ageing, needs also
play a very critical role, as they are the main driver that push people to seek for health care
services. If people, elders included, did not have a condition requiring medical intervention,
they would most certainly require less attention from health professionals, bar some routine
exams. Addressing this requires dealing with two critical questions: first, how to quantify
by age and pathology the health care services being delivered, as this will help in building
a demand curve; second, how to estimate the HHR needed to provide those specific health
care services at current productivity levels (in short, estimate a production function; since
there are multiple inputs and multiple outputs, the most likely approach is to estimate an
input requirements function). We can then invite epidemiologists to forecast how incidence
and prevalence of certain diseases will evolve, and based on that inform HHR planning
accordingly. A real example helps to illustrate the challenge. In China, type II diabetes
now affects 10% of the population, compared to 1% 10 years before. Arguably more
endocrinologists will be needed, but how many? This could well be the birth of a whole new
thesis.
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Abstract
Background: Planning the health-care workforce required to meet the health needs of the population, while
providing service levels that maximize the outcome and minimize the financial costs, is a complex task. The problem
can be described as assessing the right number of people with the right skills in the right place at the right time, to
provide the right services to the right people. The literature available on the subject is vast but sparse, with no
consensus established on a definite methodology and technique, making it difficult for the analyst or policy maker to
adopt the recent developments or for the academic researcher to improve such a critical field.
Methods: We revisited more than 60 years of documented research to better understand the chronological and
historical evolution of the area and the methodologies that have stood the test of time. The literature review was
conducted in electronic publication databases and focuses on conceptual methodologies rather than techniques.
Results: Four different and widely used approaches were found within the scope of supply and three within
demand. We elaborated a map systematizing advantages, limitations and assumptions. Moreover, we provide a list of
the data requirements necessary to implement each of the methodologies. We have also identified past and current
trends in the field and elaborated a proposal on how to integrate the different methodologies.
Conclusion: Methodologies abound, but there is still no definite approach to address HHR planning. Recent
literature suggests that an integrated approach is the way to solve such a complex problem, as it combines elements
both from supply and demand, and more effort should be put in improving that proposal.
Keywords: Review, Health-care workforce planning, Supply, Demand, Needs, Health policy
Introduction
Health-care human resources (HHR) planning has been
identified as the most critical constraint in achieving the
well-being targets set forth in the United Nations’ Mil-
lennium Development Goals [1]. Moreover, the effective
use and deployment of personnel is paramount to ensure
an efficient service delivery in terms of cost, quality and
quantity [2]. Failure to do so may result in an oversupply
or shortage of clinical staff. While the former may lead to
economic inefficiencies and misallocated resources under
the guise of unemployment [3] or inflated costs through
supplier-induced demand [4], the latter is linked to a more
extensive list of negative effects, including but not limited
to the following: lower quantity and quality of medi-
cal care as few resources exist to provide the necessary
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services and the visits are shorter [5]; work overload of
the available physicians and nurses, resulting in sleep-
deprivation, ultimately compromising patient safety [6];
and queues and waiting lists resulting from insufficient
medical staff, causing avoidable patient deaths [7].
Another argument supporting HHR planning is the
recent rise in health-care expenditure, both in per capita
spending on health and as a proportion of per capita
domestic product in real terms [8]. The average annual
growth rate of health-care expenditure in a selection of
18 countries that are part of the Organisation for Eco-
nomic Co-operation and Development (OECD) was 3.0 %
between 1980 and 1990 and 3.3 % in the decade after
[8]. Recent studies confirm the rising trend, with health
spending growing at an average of 3.8 % in 2008 and
3.5 % in 2009 [9], well above the growth rate of the
gross domestic product. Health worker wages account for
© 2015 Amorim Lopes et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution
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about 50 % of total public and private health expenditure
across several countries [5], meaning that cost contain-
ment and efficiency improvements will necessarily require
the involvement of the workforce.
In sharp contrast to other scientific areas where a set
of well-defined methodologies and techniques is gener-
ally adopted and refined to solve a given problem, in
HHR planning, methodologies (the conceptual scope of
analysis) and approaches (the techniques applied upon a
particularmethod) abound, and there is still no commonly
accepted or favoured procedure to accurately forecast
physician requirements [3, 10]. The methodologies fol-
lowed by countries vary significantly, in some cases with
no long-term strategic HHR planning at all, but a wide
array of options does not seem to be a determining factor
in improving the accuracy of forecasting [11]. Despite the
lack of focus, the accuracy of the projections appears to be
making progress in some cases, as a review reporting the
case of The Netherlands shows [12], an encouraging sign
to the ongoing research.
A definite approach to the problem, or at least a sta-
ble starting block, will require a comprehensive overview
of how the problem has been tackled since its inception.
For this purpose, we provide a thorough analysis of the
field, to lay down the foundations for future research, cou-
pled with a historical perspective on the development of
the HHR literature, analysing how the field has evolved
and what methodologies have emerged and continue to be
employed. Secondly, we analyse the strengths and pitfalls
of each of the methodologies and provide a data require-
ment framework containing all the variables and data that
need to be taken into account in order to address the
problem thoroughly. The review is selective as it focuses
primarily on articles that seem to have had a clear impact
on the evolution of the field, although broad in scope
as it attempts to extensively describe all known meth-
ods. Finally, it describes where we stand and the road
ahead, providing a brief overview of new and emerging
approaches to the HHR planning problem.
To the best of our knowledge, the last comprehensive
academic paper on the subject dates back to 1978 [13].
Literature reviews exist but tend to either focus on a par-
ticular period or on a subset of the methodologies or
techniques [11, 14] or to be framed as technical reports
aimed at a wider readership, such as the OECD’s extensive
review of 26 projection models used in 18 countries [9]
or WHO’s policy recommendations to the EU [15]. The
literature reviews can also consist of a technical report tar-
geting a country in particular [16]. In fact, some authors
point out that more systematic reviews, assessments of
potential interventions and further research to aid policy
makers are highly needed [17]. This paper aims to narrow
this gap by being a starting point both for academics and
policy makers.
Literature search method
We carried out an extensive literature review, includ-
ing academic research papers and technical reports from
institutions such as the OECD or WHO. Selected papers
date between 1951 and 2013, and the results were
reported in a chronological and evolutionary way so as
to clearly identify methodologies that are still in use to
this day. The search methodology can be summarized as
follows: after selecting a set of search terms and gener-
ating reliable combinations, we used electronic research
databases to search for related articles. We then selected
a maximum of 20 papers for each combination of search
terms, including the 10 most cited, the 5 most recent and
5 that were randomly chosen. A backward/forward search
was conducted, and the abstract was analysed to ensure
that the papers met the search criteria. Papers that failed
to meet any of the search criteria were excluded.
To identify search terms, we consulted the available
literature reviews and technical reports [5, 10, 11, 13]
so as to a obtain a list of key terms frequently used in
this research field. Table 1 displays the search terms more
frequently employed in the literature. Multiple combi-
nations were selected using these key search terms. For
instance, all possible combinations of health and health-
care with (AND) workforce, manpower, physicians, nurses
and (AND) forecast, projection, planning. Related subor-
dinate queries such as physicians supply forecast, nurses
supply forecast, healthcare supply forecast, healthcare
demand forecast were also employed. These terms were
then used on the online databases PubMed, MEDLINE,
Embase, ProQuest, Healthstar, ABI/Inform, INSPEC,
Google Scholar and Scopus to obtain a base set of the 10
most cited, 5 most recent and 5 randomly chosen papers.
Of this initial selection, an abstract matching and back-
ward/forward search was conducted to assess whether the
topic covered was relevant. Publications that failed to ver-
ify these criteria were excluded. A total of 308 publications
were retrieved, with 75 meeting at least 1 of the inclusion
criteria using the combination of search terms and were
thus included in this review. Table 2 describes our search
methodology.
Scope
HHR planning is a comprehensive field far extending
the number of physicians and nurses. Other health-care
workers such as hygienists, therapists, managers, admin-
istrative assistants and other support staff also play a
critical role, relieving the clinical staff of bureaucratic
and time-consuming tasks. In fact, skill-mix studies show
that proper task delegation is critical to ensure proper
health-care delivery. Furthermore, a complete assessment
may also require the analysis of the impact of other indi-
rect stakeholders, such as workforce educators, regula-
tors, funders and employers. Assessing how the training
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Table 1 Key terms used to conduct the search
Keywords Search queries
Health Workforce planning
Healthcare Healthcare forecasting
Workforce Health human resources
Manpower Health manpower
Physicians Health planning
Nurses Healthcare planning
Forecast Health services
Projection Health supply
Planning Health demand
. . . Healthcare needs
Healthcare providers
Physician forecasting
Nurse forecasting
Nursing staff
Manpower
Manpower planning
Workforce forecasting
Workforce projections
Workforce management
Staff levels
Health staffing levels
Shortage healthcare workers
is conducted (i.e. could the training time be reduced?; do
medical schools have the capacity to train a given num-
ber of trainees?; are more medical schools necessary?),
the impact of regulatory requirements (i.e. is the entry
to medical school limited by government-fixed numerus
clausus?) or financial and service constraints (i.e. can the
Table 2 The search method applied in this review
Step Search method
1 Identify common search terms from reviews, books and
technical papers
2 Generate plausible combinations of terms to be used for
search using the key search terms identified
4 Search for these terms on PubMed, MEDLINE, Embase,
ProQuest, Healthstar, ABI/Inform, INSPEC, Google Scholar and
Scopus
5 Select a base set for the results consisting of the 20 papers (10
most cited, 5 most recent and 5 randomly chosen)
6 Match the abstract and perform a forward and backward
search to verify the relevance of the paper for the selected base
set
7 Exclude papers that address none of the topics covered, that
only make a brief reference to the subject at hand or that are
not written in English
existing hospitals and health-care units absorb a planned
increase in the number of health-care professionals?) is a
critical requirement for a well-guided policy.
Without disregarding the importance of these other
professions, in this paper, we will focus solely on review-
ing the planning of the clinical staff that directly pro-
vide health-care services and, more specifically, on the
physicians and nurses, along with references to related
fields like dentistry. Obtaining reliable projections for the
available and necessary human resources is an obligatory
starting point. Moreover, the prominence will be in the
spectrum of different methodologies that may be used to
obtain forecasts for the number of physicians and nurses,
with short references to the approaches or technical appa-
ratus, commonly used to apply a given methodology a.
Also, our concern is HHR planning only at the national
and regional level. HHR planning at a local level (hospi-
tal or medical centre) is conceptually different, involving
other methodologies and tools, and therefore, it is not
inserted in this paper.
The remainder of this paper is organized as follows:
in the “Background” section, we introduce the general
and governing principles that characterize the health-care
market. The background information provided is critical
to equip the reader with the necessary concepts. In the
“Evolution of the field” section, we proceed with an evolu-
tionary and chronological description of the field, expos-
ing the work and methodologies that have been shaping
the research field. In the “Discussion” section, we discuss
the current trends in this research area and the road ahead
regarding future research directions. We also present a
summary of all the findings, including a table with an
overview of the methodologies and a data-requirement
framework to understand which methodologies can be
used based on the data available, as well as a proposal sug-
gesting a way to develop an integrated approach. Finally,
we finish with a brief summary and conclusion.
Background
HHR planning as a scientific area and topic of theo-
retical and applied research evolved significantly from
non-existence into a remarkable and serious effort of pri-
vate and governmental institutions, which tried to antic-
ipate how many human resources, primarily physicians
and nurses, will be necessary in order to maintain or
even improve the quantity, quality, availability and effec-
tiveness of the medical services provided. Improved life
expectancy and changing demographics, epidemiological
trends, improved socio-economic conditions and an ever-
increasing world population may result in a rise in the
expected demand for health-care services [18] and, there-
fore, further additions to the list of patients of an ageing
medical workforce [19]. It then comes as no surprise that
health workers are recognized as a critical resource for
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achieving population health goals [1], working at the front
gate of the health-care sector.
The health-care sector is an intricate, albeit funda-
mental, part of ancient and modern societies, and it
comprises a long list of agents, from the individual seek-
ing health-care services to the medical staff providing
them, all operating within a legal framework involving
providers, consumers, insurance companies, government,
medical schools and regulatory institutions. Regardless
of the statutory system in place, either a Bismarckian-
based or a Beveridgean-based organization, at its core,
the health-care market is always composed of both sup-
pliers of health services and patients demanding their
services. On the one side is the workforce of physi-
cians, nurses and remaining clinical staff trained and
ready to assist those in need. On the other side stand
the forces that drive the demand for medical services,
strongly related to demographic, socioeconomic and epi-
demiological factors. Analysing these two market forces
is a critical step in assessing whether the available health-
care human resources are enough in quantity and skills
to meet the current and future demand in due time and
may lay solid foundations for further research, considering
perhaps changes to the existing health policy framework.
Despite the similarities, the health-care market diverges
from a traditional market of goods and services for sev-
eral reasons [20]. A high degree and extent of uncertainty
affects both supply and demand; asymmetric information
between physicians and patients, restrictions on competi-
tion, strong government interference and supply-induced
demand are some of the most glaring differences that can
be pinpointed. These may be relevant when assessing the
impact of any policy involving HHR planning.
Supply
Supplying human capital with the appropriate expertise so
as to enable workers to perform and satisfy the demand for
health care is no simple task. The time and effort required
to equip HHR, especially physicians and advanced nurse
practitioners, exceeds that of most other professions. In
some particular health-care professions, the set of nec-
essary skills to qualify for medical practice is acquired
through extensive academic learning which involves the
enrolment in long courses that may take up decades to
complete due to a strict licencing process.
A considerable amount of HHR studies focus solely on
this approach, basing their research on the estimation of
the expected supply of physicians by accounting for the
intakes, exits, migrations and population growth in order
tomaintain the present ratio of practitioners, using “stock-
and-flow” models for that purpose [3]. The analysis of the
medical training process is relevant but may be insuffi-
cient, as several other factors may affect the efficiency and
effectiveness of the care services delivered.
Despite the limitations, some measures to overcome
imbalances in the quantity (number) of physicians and
nurses have already been identified in the health policy
literature [17, 21], namely the following: increasing the
number of domestic- and foreign-trained medical grad-
uates or increasing the number of medical schools and
classroom sizes; increasing the enrolment limits (numerus
clausus); reducing the requirements for entry to medical
schools; raising the wages of the medical staff, as well as
the perspectives for their future career path; or reducing
the costs of attending medical school, which may encour-
age potential students to enrol. In Table 3, we provide a
more extensive list of policies to cope with a shortage in
the number of health workers. These proposals are short-
term measures to alleviate the immediate stress put on
the health-care system triggered by an undersupply of per-
sonnel and may not be suitable for tackling long-term
imbalances due to huge shortages or surpluses of medical
staff.
Still within the scope of supply, other approaches for
handling the problem of insufficient human resources
have also been suggested, addressing the problem from
Table 3 Health policy options for targeting health workforce
imbalances and alter health-care outcomes (adapted from [17]
and [86])
Field Policy option
Education Increase numbers of new students
Recruit foreign graduates
Recognize previous learning
Improve curriculum content
Regulatory Recognize overseas qualifications
Introduce temporary employment
regulations
Subsidized education for return of
service
Enhanced scope of practice
Different types of health workers
Financial incentives Increase trainee salaries
Raise wages
Provide non-wage benefits
Introduce incentives for return of
skilled migrants
Establish retirement policies
Employ lay health workers
Professional and personal support Better living conditions
Safe and supportive working
environment
Career development programmes
Public recognition measures
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an angle besides medical training. For instance, the com-
position of the core competences and activities of the
physicians, the skill mix, may be reorganized to enhance
the roles performed by the clinical staff, relieving them
from tasks that could be safely assigned to other health-
care professionals [22]. This strategy does not require a
change in the number of physicians but the restructuring
of the available human resources and medical compe-
tences. Complementarily, supporting policies and reforms
that enhance the productivity, that is, the ratio of out-
put per unit of input given a certain level of technology
and methodology, of the medical staff may result in an
increased outcome that also does not require a change
in the quantity of labour workforce [23]. Assessing the
productivity of the clinical staff is now quite common
[24], and operations research applied to the improvement
of patient flows, queueing, master surgery scheduling,
ambulance fleet management and staff rostering may play
a very important role in increasing current levels of pro-
ductivity. In summary, the initial focus of supply-based
methodologies was on the training process. As of late,
more focus has been given to the productivity and to the
skill mix of the labour workforce as well.
Methodologies for modelling supply
Training (entries and losses) The purpose is to model the
training process so as to predict the number of entrants
in each year. This way, and in combination with migra-
tory flows, mortality, exit and drop out rates, it becomes
possible to estimate the number of physicians and nurses
available for each year, with everything else held constant.
Productivity The productivity of the medical workforce is
not constant, as some professionals work harder or better
than others or simply because there is an excess of bureau-
cracy to comply with. Without touching on the quantity
of professionals, it is possible to reorganize services and
incentives so as to promote increased productivity or
implement lean and operations research recommenda-
tions to significantly improve the output and outcome of
the workforce.
Skill mix Since a degree of interdisciplinarity exists
between medical professionals, it is possible to reassess
the tasks performed by each professional, relieving physi-
cians from day-to-day bureaucratic routines or review-
ing the competences of the nursing profession so as to
broaden their scope of action. Horizontal substitution
(between different medical specialties) and vertical substi-
tution (between different working classes) can be used to
improve the amount of health-care services provided.
Worker-to-population ratios This method establishes a
desired ratio for the number of physicians and nurses per
unit of population and compares it to the actual ratios.
Policies to increase or decrease these ratios may then be
pushed forward. Although simple and easy to apply as
long as data is available, the method lacks the fine detail
of such a complex system, ignoring other factors such as
needs, demand or institutional frameworks that may have
an influence on the productivity of countries or regions
with similar worker-to-population ratios. Moreover, it
abstains from exposing the causes for such asymmetries or
from evaluating the efficiency of the available workforce.
Demand
Demand for health care is a derived demand [25], which
means that people do not seek health care services as a
final good for consumption but as an intermediate service
allowing them to be healthy and to improve their stock
of health capital (well-being). They want to improve their
health, and to do so, they seek health-care services. As
in other markets, the determinants of aggregate demand
for health-care services are population size, income and
preferences.Moreover, for countries wheremedical care is
mostly an out-of-pocket expenditure, demand is restricted
by the patients’ ability to pay. If a patient requires medical
attention and is unable to finance it, this need for health
care will not translate into effective demand, despite its
existence. Accounting for these cases is especially impor-
tant in countries where health care is not publicly subsi-
dized or where there are obstacles to entry other than the
availability of resources.
The concept of needs in health care is not consensual
in the health literature, with a semantic confusion arising
from its use in health economics [13, 26]. While the eco-
nomic or effective demand translates the actual, observed
demand, usually measured in terms of service utilization
ratios (such as bed occupancy rates, number of inpa-
tients), the needs component tries to fully encompass the
epidemiological conditions that characterize a given pop-
ulation, measured through morbidity and mortality rates
or by the opinion of a panel of experts, and how that
may translate into a given quantity of required health-care
services. Therefore, we see that the classical concept of
economic demand may not reflect the biological needs of
the population, as it may leave out the necessities of the
population regardless of their ability to pay. In the needs
component, the emphasis is on the medical conditions
that may lead to demand for health care, deriving from the
evolution of chronic diseases, prevalence rates and over-
all morbidity patterns. This distinction is better illustrated
in Fig. 1, where we present the case when all demand is
met, at a given price, and equilibrium is attained. The-
oretical demand, projected strictly in terms of biological
needs without a budget constraint (either households’
income or public budget), may not always correspond to
the demand effectively observed. The reason being that
the quantity sought is limited by the disposable income
directed towards out-of-pocket health expenditure or by
limits to the government budget that is allocated to health
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Fig. 1 Law of supply and demand applied to health services. The
health-care market depicted in terms of supply and demand, with a
tentative distinction between potential and effective demand
care.We draw the distinction by plotting both the curve of
needs (potential demand), corresponding to a no gap sce-
nario, and the economic (effective) demand that is actually
observed.
Although needs is a fundamental concept, it should not
be decoupled from economic demand, as it should not
ignore the budget constraints of the economy. In fact, the
country may not have the ability to provide all the health-
care services presumed to fully satisfy needs. If the area
delimited by B (cf. Fig. 1) is larger than the domestic prod-
uct of the economy, it will be impossible to meet all the
perceived health-care needs of the population. Like any
other problem involving scarce resources, a serious anal-
ysis should not abstain from recognizing the existence of
financial impediments. Conversely, it should try to quan-
tify needs, serving as a theoretical benchmark for the
future.
This has not always been the case. Some studies esti-
mate demand solely based on the current level of service
in relation to future projections of demographic profiles
[27, 28], thereby leaving out an important determinant of
demand, the epidemiological needs [29, 30]. When and
how disease trends evolve is critical to properly anticipate
the needs of the population, a proxy to the expected future
demand. For instance, chronic diseases have been increas-
ing globally [31]. China, a country usually not associated
with overweight and obesity problems, has experienced
an upsurge in type two diabetes. According to the data
reported, in 1980, less than 1 % of Chinese adults had
diabetes, but by 2008, the prevalence of the disease had
already reached 10 % of the population [32]. As a result, it
is expected that more endocrinologists will be necessary
to assist with the treatments. The raw definition of needs
is not subject to any boundaries other than those set by
epidemiological constraints and medical advances.
A substantial part of the studies targeting supply hold
current demand constant, thereby leaving out a proper
analysis of what drives demand for health care. In fact,
a change in the factors that influence demand or the
emergence of new health conditions in a population may
require a reorganization in the quantity, composition and
skill mix of the medical workforce to ensure that all sup-
ply meets demand. This suggests that targeting the right
number of people and the right skills depends as much on
the health conditions and epidemiological characteristics
of a given population as on the supply of physicians and
nurses [33].
In summary, three methods are commonly used to anal-
yse HHR planning from a demand-based perspective [13].
Most of the methods build upon the definitions of needs
and effective demand, and some overlap in their scope of
application. Contrarily to the approaches found in supply-
based methodologies, where the object of study remains
the same and alternative analytical methods are employed,
in demand, opting for a different method may change the
scope of the analysis.
Methodologies for modelling demand
Needs (or potential demand) Thismethod determines the
effect of health diseases, epidemiological patterns and
overall mortality and morbidity rates in the demand for
health services and obtains an approximate number of
personnel hours required to cover those needs. Needs are
usually assessed by a panel of experts in epidemiology and
may not match the services that the public wants.
Economic (or effective demand) In this method, we look at
the services actually contracted by the population, subject
to the usual economic constraints that may put an upper
bound on the quantity solicited. In sharp contrast to the
first method, effective demand may not imply a healthy
population, especially for poor countries without a sub-
sidized health-care service since the general citizen lacks
the means to obtain health-care services. The method
ignores needs or wants and assumes that all the remain-
ing variables remain constant, although that requirement
may be relaxed by complementing the results with other
methods.
Service targets Service targets extend a needs-based
approach by incorporating other measures, such as con-
sumer needs, in order to establish service-target ratios
to be accomplished. Service-target approaches decouple
the multiple areas of health-care services and proceed
with an independent analysis of each subsystem, with
the main advantage being a more detailed proposition of
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the changes required, with separate recommendations for
distinct areas.
Evolution of the field
Although the health workforce has long been a concern
to policy makers, including those of ancient Rome [34],
the first academic research articles discussing manpower
planning in general, and health-care workforce planning
in particular, date back to the 1950s. This was a natu-
ral response to both the creation of national health-care
systems and universal insurance schemes.
A universal health-care system with no exclusion based
on preconditions and with no restrictions on access, an
idea put forward by Bismarck in the compulsory social
insurance form, and promoted by Beveridge as a national
health service [35], requires a well-prepared and readily
available team of physicians, nurses and administrative
staff. To ensure that services are in fact provided, public
medical universities were created along with subsidized
access to medical training. These reforms resulted in the
emergence of a national ecosystem of health-care suppli-
ers and a pool of patients, a significant change from the
decentralized network of health-care providers. The ubiq-
uity of access required providers to be distributed evenly
so as to satisfy the needs of the population.
After this period of sustained and prolific economic
growth, a period of crisis followed. Expectably, the eco-
nomic slowdown put the focus on efficiency, towards a
better use of the available resources. During this period,
many developed and developing countries experienced
shortages of health-care providers, mostly nurses [36],
justifying the growing interest in this newborn academic
research field.
This was the period when the first articles on health-
care workforce planning emerged. We separate the analy-
sis of the unfolding of HHR planning into three separate
stages, corresponding to the evolution of how the health-
care worker is perceived as an object of study [37]: (a)
the health worker as a production factor, (b) the health
worker as an economic factor and (c) the health worker as
a necessary resource. This structure is helpful in the sense
that it exposes the role given to the workforce, once stud-
ied as an inorganic fixed-input factor and more presently
viewed as a complex and necessary resource with its own
idiosyncrasies like any other economic agent.
First phase: factor of production
The first articles published on the subject date back to
1950, with HHR planning being perceived as a production
function, where the labour workforce is an input factor.
The research, triggered by general health worker short-
ages in developed countries [38, 39], led a growing and
diversified body of research that diverged into different
approaches. Not surprisingly, some of these articles are
the result of initiatives promoted by governments and
international organizations to address their own domes-
tic shortages of physicians and nurses, while others are ad
hoc contributions of attentive researchers keen on provid-
ing an insightful contribution. The techniques employed
vary from descriptive to predictive or merely comparative
techniques and usually involve econometric regressions,
static tables, linear programming or benchmarking. These
techniques are then applied to the areas of analysis previ-
ously described, either supply, economic demand, needs
and service-target or worker-to-population ratios, which
we will identify next.
A significant part of the research papers produced
at that time are well-documented, with comprehensive
lists and reviews of the models developed still available
[40, 41]. Of these, we highlight those that are still cited in
the literature and available online.
Supply-basedmethodologies
The very initial concern of those conducting HHR plan-
ning was estimating the necessary number (head count)
of medical professionals to either maintain the current
worker-to-population ratios or reduce/increase it if an
imbalance was found. One of the first insights into the
evolution of the supply of physicians was done by crossing
the observed physician-to-population ratios along with
the posited population growth in the United States of
America, by that time impulsed by the “baby boom” and
by an expected increase in the use of medical services.
The people in charge of HHR planning evaluate the num-
ber of physicians required to maintain the ratios given
those demographic and economic changes [42, 43]. In
the report, the same criterion is used to estimate future
manpower requirements for all the available medical spe-
cialties, nurses and miscellaneous professions necessary
for due operation.
One way of doing so is to look at the current stock of
professionals and factoring in negative and positive flows
that affect the stock. Factors such as mortality, migra-
tion or retirement generate losses to the current work-
force stock. Likewise, entries from medical schools and
immigration increase the current level of professionals.
Models that map this structure are commonly known as
“stock-and-flow”. Despite not using this specific terminol-
ogy, models created at the time already incorporated the
idea of increases and decreases in the current stock due
to exogenous factors and then used that information to
obtain projections [44–46].
Focusing particularly on the supply of nurses in the
United States of America, other papers proceed with an
analysis of the economic factors, namely the hourly wage
and the wage of the nurse’s spouse and the effect on the
supply of nursing professionals [45, 47]. Evidence sug-
gested that hospitals exercise monopsony power, which
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has an impact on how a supply gap may be tackled.
Moreover, results also suggest that the cost of paying
wage incentives to increase working hours is considerably
smaller than the cost of training additional profession-
als, something to take into consideration when evaluating
HHR reforms.
The product of this novel research was tested in the
field. For instance, in the analysis of the health-care work-
force in Taiwan, estimates for the supply were generated
on the basis of retirement, migration and death rates
applied to graduations. They incorporate the training pro-
cess and its effect on the supply of physicians [48].
Methodologies: Training (entries and losses) [42–46, 48],
Productivity [45, 47], and Worker-to-population ratios
[42, 43].
Demand-basedmethodologies
One of the first publications in the field of HHR planning
starts by differentiating the aforementioned dimensions
of workforce planning [49]. Klarman et al. argue that,
althoughmedical needs could form the basis for determin-
ing workforce requirements, it cannot be decoupled from
economic costs, an active constraint to the extent, scope
and applicability of reformist policies. A forecast of the
necessary supply of physicians is not provided, but it is
suggested that the shortages in the specialty areas may be
a sign of an overall supply shortage.
Another way of predicting the necessary future hospital
beds is by extrapolating from a set of factors assumed to
drive the demand for health care, namely socio-economic
factors and biologic needs, measured through morbidity
rates [50]. This approach was also used to estimate hospi-
tal bed requirements, providing both empirical works on
real data for the United States [51] and theoretical frame-
works with hypothetical parameters [52]. In some cases,
the approach of forecasting bed requirements would be
extended to other health-care units such as primary med-
ical care, nursing home care, consultant medical care
(medical care provided by a physician with specialized
training), hospital care or domiciliary care [52].
Methods for estimating the number of professionals
required (head counts) from a demand perspective also
started emerging at around this time. For instance, in one
case, estimating the number of necessary physicians for
the future was done by calculating the number of profes-
sionals necessary to close the gap between observed and
unattended demand, where demand is measured in terms
of utilization. In this case, using service-level indicators
again for the United States [53].
In other studies targeting the U.S.’s health system, the
influence of exogenous variables such as age, income and
urbanization is used to extrapolate the effect of dependent
variables on health policy and HHR planning, includ-
ing the number of persons with health insurance, the
number of general practitioners, medical specialists, avail-
able short-term general hospital beds, admissions and
mean duration of stay per case [54]. This approach is
also similar to the one used in two other models, the
first using data aggregates to facilitate HHR planning at
national, state and substate levels and the second going
to the level of detail of the individual and his interactions
with professionals and institutions [46].
More comprehensive approaches to estimate economic
(effective) demand were also addressed. Some papers sug-
gested incorporating indicators such as an increase in
population, economic development, improved education,
a change of supply, age distribution and other unpre-
dictable factors. Simple calculations, such as the ones used
in the former Soviet Union, could be performed by extrap-
olating based on observed norms of practice regarding the
number of patients attended and then complemented with
basic biological needs by incorporating data about mor-
bidity andmortality rates [44].Methods like this were then
applied to countries such as Taiwan, characterizing cur-
rent public and private sector demands for health services
[48].
Another option for measuring demand also elaborated
during this time consisted of using other indirect indica-
tors, namely short-stay services, services of nervous and
mental hospitals, physicians’ services outside hospitals,
dental services and other health services. The data is then
fed into a model that tries to minimize the gap between
the number of individuals employed in medical services
that attend to the demand for personnel in that occupation
[53]. Estimates were generated for the United States.
Finally, it should be noted that attention was constantly
being drawn to the importance of prevailing morbidity, a
basic indicator for assessing medical manpower based on
a needs-based approach. Some authors stress that it is the
hospitals and their internal need for residencies that actu-
ally determine the number of specialties [55]. This may
not reflect with accuracy the actual needs of the popula-
tion since patients could potentially remain unattended or
in long waiting lists, but it is an insightful indicator if wait-
ing lists are also factored in. Finally, they also consider the
specialty of the physicians’ role, warning that general prac-
titioners fulfil key medical functions and should not be
relegated to second place. The concept of skill mix, despite
not formally and explicitly defined, is here put in evidence.
Methodologies: Needs (potential demand) [44, 46, 48–
50, 55], Economic (effective demand) [44, 46, 49–54], and
Service targets [46, 53].
Second phase: economic agent
The first phase of HHR planning was characterizedmainly
by an aggregate analysis of the health-care market, with
independent and/or cross-analysis of supply and demand.
Reviews produced at that time refer essentially to needs-
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and demand-based approaches, as well as simple worker-
to-population ratio benchmarks [56]. The phase that
starts in the late 1970s and goes onward through the 1980s
and 1990s redefines the role of the HHR, previously seen
as an homogeneous input factor, into a complex economic
agent [37]. The adoption of such perspective broadens the
scope of analysis, namely by assuming that health-care
workers react to economic incentives.
The deepening of the analysis is done through the appli-
cation of microeconomic theory to the study of health
labour workforce, thereby exposing dimensions that had
gone unnoticed when looking only at the aggregates,
although a macroeconomic analysis continued to take
place [57]. It was triggered by two macroeconomic obser-
vations occurring at this time [37]: a perceived oversup-
ply of physicians and nurses [58–60] and an upsurge in
health-care expenditures [8]. During this phase, atten-
tion was given to topics such as health worker licen-
sure [37, 61], information asymmetry distortions [62] and
its potential repercussion as an unnecessary increment
in demand induced by health suppliers [63] and health
worker performance and productivity [64]. Furthermore,
HHR planning became a major concern in related fields,
such as dentistry [65].
Supply-basedmethodologies
Although the previously mentioned topics are of notable
relevance, some have no direct utility in the elaboration
of projections and forecasts of future health-care needs,
serving only for policy guidance. For that reason, we
will concentrate our efforts on the performance and pro-
ductivity of health workers, a method fully within the
umbrella of supply. In terms of policy, it is less demanding
to put in practice as it does not require structural changes
to the training process or to medical schools. In theory,
more people can be served with the exact same amount
of human resources if only their productivity increases.
Improving the efficiency of the available pool of resources
is therefore an attractive methodology.
This is the line of research followed in a paper where
a microanalysis of the factors that may influence the out-
put (and therefore productivity) of the health workers is
conducted, in particular nurses in the United States [47].
Sloan et al. found that there is a strong supply response
to the hourly wage. Raising the hourly wage is, in fact,
their proposal to respond to a short-run supply shortage,
arguably a quicker response than changing the number of
intakes to nursing schools. Taking another route to reach
the same goal, one study tries to undercover job satisfac-
tion indicators and perceived productivity in 24 hospitals
for a staff nurse population [66]. The purpose is to under-
stand the factors that may raise productivity but also to
find a connection between job satisfaction and the quality
of care provided. Similarly, waiting and distance times can
also be used to assess the physicians’ productivity, a study
conducted using data from the United States [67].
In the same line of research, some authors conducted an
observational study of 56 physicians in order to uncover
the factors that may influence productivity, measured as
the ratio between the number of patients seen per physi-
cian and the time spent with the patient [24]. The main
research question was understanding which factor con-
tributed the most to the variance in productivity: the
patient or the physician. Results suggest, according to the
study conducted in a Veteran Affairs’ medical centre in
the United States, that the individual physician explains
the variations in productivity observed, with the actual
patient playing a minor role. Similarly, in another study
also conducted in the United States, the productivity of
physician assistants and nurse practitioners and their role
in the health-care workforce is analysed [68]. Scheffler
et al. find that these two categories of health workers
could have a significant influence on the future health-
care workforce if some vertical and horizontal substitu-
tion occurs and tasks are delegated. Note that the change
of setup hereby suggested tackles productivity from a dif-
ferent angle: instead of raising the output, the inputs are
altered.
Methodologies: Productivity [14, 24, 47, 64, 66–68] and
Skill mix [68].
Demand-basedmethodologies
Studies focusing solely on the demand side produced dur-
ing this phase are considerably less common than in the
first phase. The ones that do so are more concerned with
the lack of attention given to the importance of biologi-
cal needs. It is interesting to note that, at the turn of the
decade and in subsequent years, a lot of emphasis is again
put on the needs of the population. Some authors sug-
gest a needs-based evaluation as a requirement to produce
accurate forecasts [29, 56]. This option contrasts with that
of other authors, which propose using benchmark as a
viable alternative to potential or effective demand projec-
tions [69]. The work developed consisted of comparing
the number of active physicians per capita in the United
States, adjusted for population differences between simi-
lar locations, without uncovering the causes for the given
asymmetries.
Assessing the needs of the population was also the
method of choice in the dentistry field to calculate oral
health workforce requirements. In particular, needs were
projected by the amount of oral care, including preven-
tive, special group care, surgical, orthodontic, periodon-
tal, restorative and prosthetic, that different age cohorts
would require [70]. Then, the time necessary to treat each
of these conditions is estimated, and the number of den-
tists to perform those tasks is derived. Also applied to
dentistry but with a focus on the skill-mix distribution,
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productivity changes are estimated by examining role sub-
stitution in dentistry [71], helping to conduct evidence-
based scenario analyses in The Netherlands.
Methodologies: Needs [29, 70], Skill mix [71] and
Worker-to-population benchmarking [69].
Integratedmethodologies
A new strand of the literature also emerged during this
phase covering supply while at the same time consider-
ing projected changes to demand. In a review of supply
projections conducted both in Canada and in the United
States [14], the authors argue that the traditional supply
projection methodology that characterizes the licensure
cycle and productivity metrics is incomplete if unmet
needs of the population are not defined and included as
a clear research goal, as well as economic, financial or
infrastructure resource constraints.
The integrated approach is also present, for instance,
in the implementation of the “System for Health Area
Resource Planning” (SHARP) [72]. This analytical frame-
work combines all the major methodologies: it includes
the socio-economic factors that drive economic demand,
morbidity and the remaining epidemiological factors that
drive needs, the formation process of the health-care
supply of workforce and utilization rates in order to incor-
porate the current use of health-care services. The frame-
work was successfully used to support HHR planning in
Canada, especially in the province of Ontario, reinforcing
the idea that an integrated or systems approach, combin-
ing the multiple facets of the problem, is the way to go in
the future.
Methodologies: Integrated [14, 72].
Third phase: fundamental resource
In this phase, the notion of health labour workforce is
reformulated, this time viewing it as a necessary resource.
From the 1990s onto the 2000s, the emphasis is on the
regional asymmetries in the placement of the workforce
and in the migration flows from developing to developed
countries [37]. All models proposed include both supply-
and demand-based methodologies to tackle the problem.
Integratedmethodologies
Methodology-wise, the trend observed is a continuation
of the second phase, with the call for a holistic approach
to the problem. HHR planning must be addressed from
an integrated perspective, including when analysing all
the blocks of the functioning system so as to calcu-
late the current and future gap between supply and
demand [73]. The authors’ proposal is in line with the
SHARP framework: modelling key demand (economic
and epidemiological) and supply inputs. Furthermore, it is
continuously stressed that the epidemiological drivers of
the need for health-care services should always be part of
HHR planning [30, 74].
When looking at the research literature produced at the
turn of the century, this trend becomes clear. Summing
up the results achieved so far, we can see that health-
care workforce planning is a complex endeavour, and it
becomes necessary to identify all the relevant variables to
accurately forecast the necessary resources for the future
[75]. Again, these variables relate to supply and needs
methodologies. A practical work conducted in Lithua-
nia to forecast family physicians for a 10-year timespan
employs this approach [76]. Firstly, this approach calcu-
lates the supply of physicians through the usual process of
modelling the training of physicians. Moreover, it crosses
the supply forecasts with three different projections for
demand: firstly, the requirements established by a panel of
experts using a Delphi technique; secondly, the resources
necessary to increase the number of visits; and thirdly,
an upper bound placed on the worker-to-population ratio
so that one family physician serves no more than 3 000
inhabitants. The conclusions reached suggest that the
well-informed panel of experts elaborated the most accu-
rate projection of demand for family practitioners and that
none of the supply projections was right on target. Simi-
larly, in a forecast analogous to the nursing profession in
Germany, the analysis is extended from the usual supply
and demand to include the effects of occupational flexibil-
ity and employment structure. Adding these two elements
to the analysis has a relevant influence on the projections
[77]. Notably, this pensiveness with the organizational
role, where the HHR is more than an aggregate number
but rather a dynamic and complex sum of individuals, is
clearly gaining traction.
In the same line, some researchers suggest a needs-
based analytical framework that incorporates input from
four separate elements: demography, epidemiology, stan-
dards of care and provider productivity [30], again falling
in the realm of integrated approaches. Alternatively, needs
can be decoupled in a functional form so that service
targets can be defined and deployed [1]. Dreesch et al.
claim that methods focusing strictly on the supply, on the
demand or on both fail to address or recognize the effects
of the skill mix (the potential of substitution) between
health professions. The importance of a more integrated
approach to HHR planning is also restated. With more or
less variables, the trend is clear: recent models use infor-
mation from both demand- and supply-based method-
ologies, including inputs as varied as demography, the
training process, workers’ productivity or biological needs
in order to generate their forecasts [18, 78, 79].
Although the emphasis is fundamentally put on address-
ing the problem from an integrated perspective, new
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strands of literature were also developed during this
phase. For instance, it is suggested that instead of
addressing the problem from a quantitative perspective,
either by adding to or subtracting from the stock of health
workers, it should rather be addressed with internal reor-
ganizations, redefining which tasks can be performed by
whom [80]. Such internal substitution and activity dele-
gation could be executed by transferring skills from the
medical specialist and the general medical practitioner
to other health professional roles, namely nurses with
higher education (midwives) or by creating new roles.
This methodology involves, therefore, playing with the
skill mix of the health-care professionals. This was put in
practice in Ireland by employing a model that targets both
supply and demand, reflecting the concerns for including
all parts of the system [28, 81]. Moreover, it tests four pol-
icy interventions, three of which related to supply and the
last related to the skill mix: increasing vocational training
places, recruiting professionals from abroad, incentivizing
later retirement and increasing nurse substitution so that
nurses can deliver more services. Similar studies, encom-
passing the workforce supply, demand and the skill mix,
were also conducted in the dentistry field during this
phase [82]. In this case, workforce supply and demand for
oral health needs are projected to study the impact of skill-
mix reorganizations. To forecast future dentist numbers,
a simple percentage increase based on previous yearly
increases is considered. To estimate demand, demogra-
phy evolution, rates of edentulousness, patterns of dental
attendance and treatment rates of older people, as well
as general dental service treatment times, are considered.
The effect of the skill mix is then studied considering sev-
eral scenarios of varying skill-mix use. Gallagher et al. find
that widening the skill mix can be extremely helpful to
build capacity for dental care.
Another concern that is raised during this phase is that
of measuring the outcome as an important indicator for
assessing the quality of the health-care services. The out-
come is a fundamental indicator for HHR planning. In
particular, equitable and timely access to health care are a
precondition to a good outcome, which is the variable to
be maximized [83].
In summary, it can be said that this stage was a phase
of settling with methodologies, namely supply-, demand-
and needs-based approaches, and of urging for a more
integrated approach while paying attention to the roles
of each health professional and the degree of substitution
between professions. Furthermore, a concern about the
outcome of health-care services was raised, where effec-
tiveness and quality of the treatment is considered on par
with the number of patients seen (productivity).
Methodologies: Integrated [18, 18, 28, 30, 73–79, 81, 82],
Skill mix [1, 28, 77–82], Needs [30, 77], Service targets [1]
and Productivity [77–79]
Discussion
Five decades of work in HHR planning fuelled by eminent
global shortages of health professionals have contributed
to establishing this research field as an important scien-
tific area, decisive for achieving worldwide health-care
targets [1]. Significant results have been attained. In par-
ticular, new methods and techniques were developed, and
the accuracy of projections improved remarkably [23], and
HHR planning became an area of prominent interest, with
the number of publications in the field increasing over
the years.Moreover, the literature evolved, replacing some
approaches with others, paying more attention to the
health-care workers and their productivity and to the del-
egation and distribution of skills. It prioritized integrated
approaches and the role of epidemiology in addressing the
problem. In fact, whenwe look through all themethodolo-
gies reviewed (Fig. 2), the emerging trend clearly supports
this claim. Integrated approaches are gaining ground after
decades of partial analyses turning to either a supply- or
a demand-based approach and in its simplest form only
resorting to worker-to-population ratio benchmarks.
In Table 4, we summarize the methodologies and
describe the necessary assumptions for using each of
the approaches, along with their advantages, limitations,
how these limitations are overcome, requirements and the
countries in which their usage was documented (accord-
ing to [9]). In the past, this overview would probably help
in choosing the methodology to adopt. With the call for
more integration, it assists in showing how amethodology
may fill in the gap towards a cohesive framework. Also,
it serves to show that there is no perfect methodology
capable of providing accurate forecasts without consider-
able pitfalls and that there is a trade-off between simplicity
and completeness, where going for a simpler methodology
may implicate leaving out important parts of the problem.
An integrated approach
The importance of a comprehensive, integrated approach
is continuously emphasized throughout the period in
review [3]. Although the need for an integrated approach
had already been stressed in several past publications, it
keeps on reappearing, suggesting that it might not have
been fully addressed as of yet. This approach faces many
challenges. A dynamic, system-level perspective covering
key drivers of supply and demand that includes both man-
power planning and workforce development is critical to
overcome such challenges [81]. The importance of paying
attention to needs is also continuously stressed, as changes
in the health patterns of the populations take place [84].
In summary, integrated approach refers to a method that
incorporates in its process projections of the workforce
supply and the impact of microeconomic and organiza-
tional changes in productivity and in the skill mix, of the
evolution of demand for health-care services and also of
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Fig. 2 Identification of the conceptual methodologies found in some of the literature for the period of 1950–2013
the evolution of health diseases and its potential impact
on the health system.
Notwithstanding, integrating all the pieces may be a
puzzling task. To assist with the task, in Fig. 3, we pro-
vide a high-level functional diagram with a proposal for
how methodologies could be coupled so as to turn it into
a seamlessly integrated system. On the supply side, we
have the current stock of workers along with the training
process so as to obtain an initial snapshot of the cur-
rent workforce. The current stock, which may or may not
be enough to tackle current demand, in which case an
imbalance exists, is subject to positive and negative flows
that may alter its number and composition. This given
quantity of workers may provide more or less health-care
services depending on their productivity and skill mix,
and that influences the conversion from head counts to
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Table 4 The methodological approaches established during the first phase of research
Methodology Description Assumptions Advantages Limitations Overcoming
limitations
Requirements Documented
usagea
Supply
Training Projects the availability of
health-care professionals
based on the current stock
of clinicians, the training
process (entries and
dropouts), migration flows,
attritions and retirement
rates
Demand for medical
services is assumed to
remain constant and
the projections are
used to reduce the
supply gap
Predictions for the
future supply can
be obtained in a
fairly simple and
immediate way
Demand for medical
services is assumed
to remain constant,
which may not
be true No critical
assessment of the
adequacy of current
service levels
Incorporate a model of
demand: economic or
needs-based (or both)
Evaluate current level of
service through waiting
lists, overtime hours,
foreign workers, etc.
Accurate and up-to-
date accounting of
the current stock of
physicians and nurses,
migration rates, entry
and drop out rates
and expected retirees
Service usage levels
from the health-care
sector
Australia, Belgium,
Canada, Chile,
Denmark, Finland,
France, Germany,
Ireland, Israel, Japan,
South Korea,
Norway, Switzerland,
The Netherlands,
United Kingdom,
USA
Productivity Reorganize services and/or
economic incentives to
promote higher
productivity. Work
harder or work smarter
Physicians and nurses
act as rational agents
and react to economic
incentives like wage
increases
Does not require
a change in the
quantity of human
resources. Can be
implemented
immediately
Productivity
improvements may
not be enough to
accommodate large
gaps in the supply of
professionals
Do not preclude from
evaluating the number
of professionals necessary
given different
productivity levels
Operational indicators
like the number of
patients served with a
given number of FTEs
(or head counts)
Australia, Canada,
Japan, Korea,
Netherlands, Norway,
Switzerland, United
Kingdom, USA
Skill mix Delegate certain tasks to
other health professionals.
Substitution can be
horizontal (between
medical professions) or
vertical (between
physicians and nurses)
Professionals can
assume new roles
and perform new
tasks
Does not require
a change in the
quantity of human
resources. Can be
implemented
immediately
Enforcing such
changes can be a
political challange.
Does not solve
large gaps in the
supply
Providing success
stories to involved
stakeholders, health
authorities and
medical associations
Education schools
that can provide
advanced education to
the existing workforce
Netherlands, United
Kingdom
Worker-to-
population
ratios
Specifies desirable worker-
to-population ratios based
on direct comparison with
another region of country
Regions and/or
countries can be
directly compared
Extremely easy to
understand and
apply
Useful for
providing baseline
comparisons
Does not take into
account the intrinsic
differences between
regions and countries,
the productivity and
skill mix of the available
workforce
Does not take into
account the intrinsic
differences between
regions and countries,
the productivity and
skill mix of the available
workforce
Records of the current
workforce to popula-
tion ratios
Chile, France,
Ireland, Israel,
Switzerland,
United Kingdom
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Table 4 The methodological approaches established during the first phase of research (Continued)
Demand
Economic Estimates future
requirements by
projecting the
effect of demographic and
socio-economic factors on
the current level of
service
Current level of
service is adequate.
Skill mix and
distribution of health
service is appropriate
Demographic profile
of the population and
its effect on health-
care demand can be
accurately forecasted
Conceptually easy
to understand and
to apply
Allows
decoupling of the
various components
of demand and their
influence on the overall
aggregate demand
Tends to produce
estimates of HHR
demand that
exceed practical
limits
No critical
assessment of the
adequacy of current
service levels
Ignores the real
demand,
focusing instead on
the effective demand
Take financial constraints
into consideration
Evaluate current level of
service through waiting
lists, overtime hours,
foreign workers, etc.
Include a needs-based
evaluation
Accurate and long-
term demographic
estimates
Service-usage
levels from the
health-care sector
Macroeconomic
indicators and
statistical data crossing
income and usage
Australia, Belgium,
Canada, Denmark,
Finland, Germany,
Japan, Norway,
South Korea,
Switzerland, The
Netherlands, USA
Needs Considers the effect of
epidemiology on the
demand for health-care
services
Projects age- and gender-
specific needs
based on morbidity
epidemiological trends
All health-care
needs can and
should be met
Resources are used in
accordance to needs
Allows for a fine-grained
analysis of the
requirements of
eachmedical specialty
Is independent of
the current service-
utilization ratios
Easy to understand
Absence of
economic/efficiency
considerations may
render the projections
unattainable
Dependent on
epidemiological
projections which
may not be obvious
Does not consider
the current level
of provision nor
the capacity of the
country to deliver
health care
Consider an upper bound
for a practical result
Consider projections of
the most common health
patterns Incorporate
economic considerations
in the model
Demographic estimates
that are accurate
Service-usage levels
from the
health-care sector
Belgium, Canada,
Germany, United
Kingdom
Service targets Defines normative targets
for the production of
health-care services, which
are then converted to HHR
requirements
Assumes that
established service
targets are
achievable in terms of
financial and
physical capital
resources
Easy to define, interpret
and understand
Facilitates cost
estimation
Requires modest
data and planning
capabilities
May originate unrealistic
assumptions
Ignores financial
and other active
constraints
Incorporate economic
considerations in the
model
Current level of
service
aOECD Report
Source: adapted from Hall and Mejia [13], O’Brien-Pallas [11] and Dreesch [1]
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Fig. 3 An integrated system that incorporates several methodologies to address the many facets of HHR planning
full-time equivalents (FTEs). Such conversion is critical to
properly assess the health-care workforce, as a significant
number of physicians and nurses work part-time only. For
this reason, FTE is a more accurate measure as it nor-
malizes the head counts. On the demand side, economic
(effective) demand can be initially measured by analysing
utilization indicators. How this demand will evolve in the
future will then be subject to typical economic factors
such as demography and the growth of the income/GDP.
In parallel, potential needs can be assessed by incorporat-
ing incidence and prevalence of diseases and then map-
ping a given disease to an estimate of FTE requirements.
Whether future supply forecasts should tackle all of the
estimated needs is a decision left to the consideration of
the policy maker, as this analysis does not incorporate
financial constraints. Such an integrated approach is more
complex, but not necessarily more difficult [12]. In fact,
policy-making cannot abstain from factoring in financial
and service planning considerations in a post hoc analysis,
since there may not be enough resources to accommo-
date for a sudden increase in the number of professionals.
Such analysis is not limited to a money perspective, to
the financial burden inputted on the system for educating
and hiring these medical professionals or to the installed
capacity in terms of medical schools, university hospitals,
hospital beds, primary care facilities and others, in order
to absorb planned increases in the health-care services
labour market.
Data requirements
None of these methodologies can be applied without the
adequate data to feed the model. A bare minimum of
information regarding the available medical workforce is
always required. Table 5 summarizes the most impor-
tant indicators for conducting a proper forecast. It is not
strictly necessary to possess all the information listed, but
the availability of the data increases the probability of a
more comprehensive projection.
Simpler approaches require fewer data. Worker-to-
population ratio benchmarks require a head count of
the number of licensed medical professionals, usually
made available by the government, medical and nurse
associations or by unions. Service targets use the cur-
rent level of service, which can be obtained from the
hospitals’ operational key performance indicators. Needs
(potential) and economic (effective) demand, on the other
hand, require a more extensive set of indicators. For
needs, it is necessary to assess and validate current and
future incidence and prevalence of diseases and how that
may convert into necessary resources. Both tasks are
not straightforward and usually require acclaimed experts
in epidemiology to step in and provide both the esti-
mates, as well as an accounting of the resources that
will be necessary. Effective demand makes it necessary
not only to obtain metrics similar to those indispens-
able for a service-target analysis (such as the number of
inpatients and outpatients, number of occupied hospital
beds, average length of stay) but also demography and
socio-economic projections and how they affect demand.
Finally, modelling supply is also a challenging task in
terms of data requirements. Unless evidence is found
showing that the worker-to-population ratios will remain
constant for a long period of time, a supply-based anal-
ysis must be factored in. In such a case, it is necessary
to know the current stock of licensed providers, as well
as the number of intakes, exits and annual attritions,
which makes it necessary to model the training of medical
professionals.
Assuming that developing countries are in possession of
fewer data and that developed countries have more infor-
mation available, methodologies that require an extensive
set of data will be difficult to implement in developing
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Table 5 Data requirements for making use of each of the different documented methodologies
Methodology Indicators Data requirements
Supply
Stock of licensed providers
Baseline stock, age/sex distribution, growth projections
High
Annual additions to licensed stocks
Graduates, in-migration (foreign-trained, immigrantes, on temporary work permits),
returned to profession
Education/training programmes
Number of programmes and students enrolled, attrition rates, years to complete
programme, number of graduates, costs
Annual attritions to licensed stocks
Retirements, mortality, career changes, emigration, abroad
Productivity
Labour market
Occupational participation rates, occupational employment rates, employment
projections, vacancy rates, turnover rates, wage rates, productivity growth, cyclical factors,
alternative career options
High
Employment status
Full-time, part-time, casual, full-time equivalent (FTE), average hours worked, direct patient
care hours, no longer practising, not licensed in jurisdiction
Skill mix
Government policy variables
HHR education funding, alternative delivery modes, licencing regulations, professional
roles/deployment, recruitment/retention strategies, immigration policy, remuneration
rates/types, HHR capacity-building
High
Worker-to-population ratios
Health labour workforce
Number of active and employed physicians and nurses Low
Economic
Population demographics
Total population, age/sex distribution, births/deaths, population projections
HighSocio-economic variables
Disposable income, GDP growth projections, ethnic factors
Needs
Population health status
Age/sex mortality, morbidity, acuity
HighEpidemiology
Incidence and prevalence rates, hospital discharges, health patterns of the population
Service targets
Utilization patterns
Number of occupied beds, number of inpatients and outpatients, number of
surgeries/screenings/consultations performed, etc.
Low to high
countries. Therefore, such countries may start by using
simple techniques such as the worker-to-population ratio
or service-based benchmarks to tackle their present
imbalances. Developed countries should continue collect-
ing data and enhancing their models, adding less tangible
and yet relevant dimensions, such as productivity or skill
mix if they are not present already.
Conclusion
In this paper, we reviewed over 60 years of publications
in HHR planning. While doing so, we observed the evolu-
tion of the field, when and how methodologies emerged,
how they have been applied and the robustness of the
results, and we also identified the current trends in the
field. This work was called for because there is still no
accepted methodology to address HHR planning. Given
the rampant costs in the health-care sector and the over-
all influence that health care has on the general welfare
of society, as well as the potential impact of shortages on
the worldwide supply of medical professionals, an assess-
ment of what has been done and achieved and what
remains to be done was necessary to properly guide fur-
ther developments in this relevant field. Moreover, when
we contemplate the complex training process required
to earn a licence as a practitioner, we understand that
a shortage in medical professionals cannot be accom-
modated fast enough by decree, either by increasing the
number of intakes to medical schools or by inviting more
foreign-trained doctors or nurses.
Despite the abundance in approaches and techniques to
determine supply and need for professionals, none of the
methodologies has ultimately proved to be superior [85].
Recent studies testing current forecasting models show
that there is still plenty of room for improvement given
the gap between projected and actual results [12].
It becomes even clearer that workforce planning should
be accurate and performed in due time given the attri-
tions and the delays in enacting policies in the health-care
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sector. Adapting medical schools, altering legislation and
changing roles is an effort that may take years to bring
forth. Therefore, planning has to target a long enough
time horizon if it is to be useful and applicable and has to
be done pre-emptively.
It now seems obvious that, like any other complex prob-
lem, all the determining pieces of the system and their
interdependent relationships must be duly accounted for.
Therefore, pressing for integrated approaches is still a
valid and up-to-date concern. Furthermore, envision-
ing the health worker in its entire complexity makes
it possible to address the problem more comprehen-
sively, leaving room to improvements in productiv-
ity and in the distribution of work without having to
directly interfere with the training process or with the
health providers. Operations research and lean manage-
ment are particularly relevant in this area. This strat-
egy may be, in fact, a first attempt to solve the lack of
professionals.
The results of our review point in one clear direc-
tion: accurate HHR planning requires an approach that
is both integrated and flexible, featuring supply and
demand (potential and effective) and incorporating less
tangible factors, such as skill mix and productivity.
The road to accurate HHR planning cannot abstain
from this.
Endnote
aHenceforth, the term ’approach’ is used loosely to refer
to the conceptual methodology employed rather than to
the technical and scientific apparatus used to obtain a
projection or forecast.
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Abstract Starting in the 50s, healthcare workforce plan-
ning became a major concern for researchers and policy
makers, since an imbalance of health professionals may
create a serious insufficiency in the health system, and even-
tually lead to avoidable patient deaths. As such, methodolo-
gies and techniques have evolved significantly throughout
the years, and simulation, in particular system dynamics,
has been used broadly. However, tools such as stochas-
tic agent-based simulation offer additional advantages for
conducting forecasts, making it straightforward to incor-
porate microeconomic foundations and behavior rules into
the agents. Surprisingly, we found no application of agent-
based simulation to healthcare workforce planning above
the hospital level. In this paper we develop a stochas-
tic agent-based simulation model to forecast the supply of
physicians and apply it to the Portuguese physician work-
force. Moreover, we study the effect of variability in key
input parameters using Monte Carlo simulation, conclud-
ing that small deviations in emigration or dropout rates may
originate disparate forecasts. We also present different sce-
narios reflecting opposing policy directions and quantify
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their effect using the model. Finally, we perform an analy-
sis of the impact of existing demographic projections on the
demand for healthcare services. Results suggest that despite
a declining population there may not be enough physicians
to deliver all the care an ageing population may require.
Such conclusion challenges anecdotal evidence of a sur-
plus of physicians, supported mainly by the observation that
Portugal has more physicians than the EU average.
Keywords Healthcare workforce planning · Agent-based
simulation · Health economics · Monte Carlos analysis
1 Introduction
Health care delivery is a labor-intensive sector, composed
of physicians, nurses, clinical assistants and other adminis-
trative staff. Imbalances in the supply of human resources
delivering health care services are known to cause severe
economic and social harm [4], and may ultimately lead
to patient deaths [52]. Concern has been growing over a
future lack of human resources for health [49], and the
United Nations has included this pressing problem in their
Millennium Development Goals [21]. It is not an isolated
problem, as a lack of medical staff in developed countries
may divert scarce resources from developing countries. As
a result, several health authorities and academic institutions
have been addressing this problem. The work hereby pre-
sented is part of one such initiative, the EU Joint Action
on Healthcare Workforce Planning and Forecasting. One
of the main goals is to develop a robust model to forecast
the evolution of the medical workforce. The first step was
to consult the literature. After reviewing over 60 years of
research in the field to understand how it evolved in terms
of methodologies and its current state [4], we noted that no
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best or preferred solution exists, but there is a clear trend
pointing to an integrated approach. Best practices suggest
that such model should integrate both drivers of supply and
demand for health care services, as well as epidemiologi-
cal needs, productivity changes and skill mix [4]. The latest
papers published on the subject employ methods that tar-
get most if not all of these dimensions [36, 39, 53, 56, 57].
Figure 1 exemplifies one such conceptual model. For the
purpose of implementing the forecasting models, simulation
has been used extensively, in particular System Dynamics
(SD) [18]. Simulation as a methodological approach is a
typical choice for modelling complex and non-linear sys-
tems. Several past works employ SD to generate forecasts
of the physician, nursing or dentistry workforce [9, 33, 39].
However, SD faces challenges in modelling complex human
behavior or in dealing with spatial awareness, including
that of physicians and nurses. Its mechanical architecture of
stocks and flows makes it difficult and unnatural (but not
impossible) to model complex human behavior that dictates,
for instance, the decision to emigrate, where the physician
decides to practice or whether a physician opts for public
or private practice. Furthermore, it has limited functionality
for adding reactiveness or ability to learn, as no definition of
agent or entity exists. For instance, adding an heterogeneous
utility function to model the reaction to a wage increase
(or decrease) is extremely complicated to achieve with SD,
and even more so when such utility function may adapt
with time. All of these cases are relevant to the matter at
issue. Notwithstanding the merits of SD, we are of the view
that an agent-based model (ABM) is best suited to address
this problem. ABM has been used in the healthcare sector
[10, 15, 38, 43] to study epidemiological phenomena [40],
user-payer-provider interactions [32], the effects of patients
derivation policies in emergency departments [54], how new
drugs are diffused through social interaction [45], and many
other applications. However, we found little to no use in
the healthcare workforce planning literature [18], despite
having several interesting benefits: i) it allows incorporat-
ing behavior rules and microeconomic foundations into the
agents, adding several degrees of freedom to the model; ii)
the agents logic can be modelled using state charts that are
easy to visualize and understand, assisting in an external val-
idation by experts in the field; iii) it makes it easy to define
dynamic agent interactions, a feature particularly useful to
study horizontal (between specialties) and vertical (between
physicians, nurses or any other agent) substitutability (skill-
mix); iv) being a more intuitive process, policy-makers are
more likely to understand results and policy implications.
In this work we present a stochastic agent-based model to
address the supply side of the integrated system depicted
in Fig. 1. As a case study, we have used it to forecast the
supply of physicians (all of the 52 specialties) of the Por-
tuguese health care workforce until 2050. To the best of our
knowledge no such work exists, and the literature reviews
consulted found no application of ABM to workforce plan-
ning, and very few exist to health care planning in general
[4, 18]. The model is calibrated with real data reported by
the Portuguese health authorities. We also ran sensitivity
and scenario analysis to assist in the validation of the model.
The remaining chapters are organized as follows. Section 2
provides a literature review of the apparatus typically used
in the healthcare research field, exposing merits and pit-
falls of each approach. Section 3 thoroughly describes the
ABM model used to forecast physicians, including state
diagrams, parameters, calibration and how uncertainty was
factored in, and how we modelled the demographic impact
on demand. Section 4 presents the results, as well as sensi-
tivity and scenario analyses to help interpret and validate the
results. Finally, Section 5 discusses the results and provides
directions for future work and Section 6 concludes.
Fig. 1 A functional description
of a desirable model for
healthcare workforce planning.
The part of the model covered in
this manuscript is highlighted in
blue. Adapted from: [4]
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2 Literature review
In the very early stages of research in the field, when
health human resources were modelled as input factors of
a production function [4], the methods and techniques used
to forecast the evolution of health professionals usually
involved econometric regressions. That is the case of the
work by Yett and colleagues [61], who employed a micro-
and macroeconometric model to project physicians’ require-
ments. Alternatively, Delphi panels of experts were formed
to provide their own forecasts based on intuition, knowledge
or both [34]. When data were lacking, researchers usually
resorted to simple worker-to-population ratios, solving for
the physician output required to maintain the physician to
population ratio at base year [42].
As models grew more complex in order to incorporate
further socio-economic variables, the methods had to fol-
low suit. Approaches such as linear programming, Markov
chains or simulation became more common. To illustrate
the usage of linear programming for planning the healthcare
workforce, Lavieri et al created a model to plan the regis-
tered nurses’ workforce in British Columbia, Canada [30,
31]. More recently, Lagarde and Cairns demonstrate how to
simulate and assess immediate and long-term effects of pol-
icy interventions in the South African nursing labour market
using Markov chains, and how to use the model to inform
policy-makers on how to reduce staff shortages [29].
Notwithstanding, the method of choice for modelling the
healthcare workforce, especially the supply-side, appears
to be System Dynamics simulation, which can be found
in several publications [7, 9, 33, 39]. SD takes a system-
level approach, decoupling the system into modules (supply,
demand, needs, etc.) that can be further decoupled. The sys-
tem is then thought of and modelled in terms of stocks
(levels) and flows (rates) affecting the system behaviour.
The flows need not to be constant. How the system devel-
ops may reinforce or weaken some of these flows, and in
some particular cases internal feedback loops may arise.
Consider, for example, the stock of physicians undergoing
medical training. Each year there will be a flow of fresh
students entering medical school and a flow of students exit-
ing (either finishing, dropping out, emigrating, etc.) medical
school. These flows will influence the stock of physicians
undergoing medical training. If we simulate all these flows
for a given period of time we are able to generate forecasts.
Implementing the whole system is then a matter of including
all the stocks, flows and feedback loops that best describe
how things work in real life.
Methodological issues apart, more recent research has
been taking a different angle at human resources for health.
In lieu of dealing with physicians or nurses as input fac-
tors, they became economic agents driven by incentives
[5, 11]. Such view implies that physicians, nurses, dentists
or any other health professional are more than static entities.
Agents may have their own behaviour rules, or microeco-
nomic foundations, and thus behave differently from each
other. Capturing heterogeneity across individuals is particu-
larly relevant when researchers want to study the decision-
making process of health professionals. Although techni-
cally possible, incorporating such features into a SD model
can be extremely complex. Agent-based simulation mod-
elling was created in order to tackle these insufficiencies,
and has been drawing a lot of attention. In Nature’s opinion
column ”The economy needs agent-based modelling”, from
Farmer and Foley, the authors make a good case for using
ABM to model the economy, urging economists to adopt it
[22].
System dynamics and agent-based modelling represent
two different approaches that remind of the separation
between macro and microeconomics prior to its synthe-
sis, before macro incorporated microeconomic foundations.
Likewise, while SD deals with aggregates (stocks), the func-
tional relationships between these aggregates (flows) and
the causal loops resulting from these interactions, ABM
models a system starting from the bottom to the top (bottom-
up), simulating agents with decision-making capabilities,
behavior rules and interactions with other agents and the
environment. Global behaviors and trends emerge from this
interaction [32].
Agent-based modelling has been used extensively in
areas of science as vast as land-use and agricultural pol-
icy [13, 25], economic policy [19], traffic control [59],
epidemiology [40] or education [51], and have become crit-
ical tools to inform policy-makers. Arguably, some authors
have decided to resort to ABM precisely because traditional
approaches, such as statistical regressions, are unable to
capture the dynamic processes. Brailsford and Schmidt, for
instance, claim that incorporating human behavior in mod-
els of health care systems is a more accurate method for
modelling a broad class of problems related to healthcare,
and propose a simulation model for that purpose [17]. Auch-
incloss et al propose ABM for understanding place effects
on health, stating that classical methods have constrained
both the research questions and the theoretical formulations
developed [8]. Other authors highlight the stochastic nature
of ABM models, a feature most relevant when the research
question targets a distribution of possible outcomes, as fre-
quently is the case of research carrying policy implications,
rather than the output from a single run of a deterministic
model [46].
Despite the call for action, few publications have used
ABM in the field of health services research and related
areas. In fact, it has been the case that only recently have
articles featuring ABM been published, notwithstanding
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its merits for health policy planning being long estab-
lished [44]. As expected, articles resorting to ABM typically
need to model the behaviour of individuals. For instance,
Day and colleagues use ABM to study patients with dia-
betic retinopathy, a case in which ABM allows studying
interactions between individuals and the environment [20].
Gorman et al, in a similar fashion, employ ABM to exam-
ine the drinking behavior, showing that drinking behavior
is linked to the social influences emerging from contacts
between drinkers [24]. In a more operations research ori-
ented study, Jones et al briefly describe how ABM can be
applied to scheduling emergency department physicians in
order to avoid overcrowding [50].
However, when we refocus on healthcare workforce
planning, we were unable to find any publications employ-
ing ABM to forecast future physicians’ or nurses’ require-
ments. In order to obtain a very detailed forecast, answering
to a question such as ”How many physicians will we need
in the future?” may involve studying their spatial location
in the territory, as the physician workforce is not uni-
formly distributed throughout the country; the interactions
between specialties and other health professions, such as
nurses (i.e. studying the skill mix); or the impact of physi-
cian migration. ABM is a very adequate tool to answer these
questions.
3 Methods
For a problem that is largely dependent on human resources
and in which individual preferences and decision-making
may influence the outcome, ABM offers several advan-
tages over SD. Surprisingly, we have not found an ABM
approach to medical forecasting, and neither have other
authors [18], despite the numerous advantages this method
presents. This work uses a fully-fledged ABM model to gen-
erate forecasts of the physician workforce. In Appendix A
we also provide an alternative mathematical formulation
for the ABM model, which may be easier to follow
through for those having no background in ABM simula-
tion, but possessing some expertise in SD or in differential
equations.
3.1 Supply model
The supply-side consists of an ABM, with agents represent-
ing physicians and an entity representing the government.
This entity manages decisions outside the reach of the
medical staff, such as the number of vacancies to medi-
cal school, the number of years required to complete the
course, the number of employment contracts, the wage
level, etc. These decision variables have a large impact on
the model, and may be used to optimize the system at a later
stage. Agents representing physicians try to reproduce their
expected behavior throughout life, which includes univer-
sity attendance to earn a license to practice, going to public
or private practice and finally retiring. The life stages are
modelled using state diagrams. Transitions between states
are stochastic, and follow statistical distributions that best
model the probability of jumping from one state to another.
For instance, in some countries medical school requires a
minimum of 6 years to complete, but some students may
take longer. To incorporate this effect we assume the time
required to transition follows an exponential decay distri-
bution calibrated as close as possible to available statistical
records, which we validate running a goodness of fit test
model.
3.1.1 Physician agent
The physician agent represents a physician throughout the
various stages required by Portuguese law to obtain a
diploma and be entitled to practice medicine. The lifecycle
is as follows: upon finishing high school, he enters medical
school (state “Med School”), which takes at least 6 years
to complete. Afterwards, he is required to practice for a
year as an intern (state “IAC”). When finished, the student
can proceed to the specialty exam, and depending on the
grade obtained choose from a given list of specialty vacan-
cies distributed throughout the country (state “Specialty
School”). If he is unable to obtain a vacancy, a transition to
state “No specialty” occurs. The student will have another
chance the next year. Entering a given specialty is subject
to the number of training places available and to the grade
obtained in the specialty exam. After some years, which
varies according to the specialty chosen, he finally graduates
(state “Graduation”). At any given moment he may dropout
from university. In case he does not, he graduates. Joining
the national health system (state “Public Practice”) is then
dependent upon the number of contracts available for that
year, but he may choose to go directly to private practice
(state “Private Practice”) or transition between them. In both
cases he is part of the composite state “Workforce”. When
the physician is approximately 66 years of age he qualifies
for retirement (state “Retired”). All the transitions that may
occur during the lifecycle are represented in Fig. 2.
Immigration of physicians is handled differently, since it
requires creating new agents. It is not a state in the physician
lifecycle, but rather the creation of a new agent. It works
as follows. Each year, the model summons a given number
of foreign doctors, with the number of physicians gener-
ated varying according to historical trends [47]. Age and
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Fig. 2 The state chart defining the inner logic of the agent representing a physician
specialty are attributed randomly, taking into consideration
the typical profile of a foreign doctor. For instance, foreign
doctors are on average below 40 years of age.
Sources of uncertainty There are several sources of uncer-
tainty surrounding the life of a physician, which were
incorporated in the simulation model. First, the number of
years the physician stays in each state. Students take 6
years (mode) to complete medical school, but they may take
longer. Likewise, the time required to complete specialty
school and graduate, which varies according to the spe-
cialty chosen, is also subject to some uncertainty. Moreover,
physicians may emigrate, dropout from school or suddenly
pass away. These delays and accidental actions may weight
on the forecasts, thus affecting the supply of physicians.
Considering this, we have modelled the transitions using
statistical distributions that best purport the real life events
so that the effects of randomness can be properly accounted
for. In Table 1 we provide a description of all the transitions,
and how uncertainty affects them in each case.
3.1.2 Government
The Government is not an agent (i.e. it is stateless), but
rather a model class executing routine actions that need to
be performed every year (but it could be modelled as such).
In particular, in some countries the Government or third-
party institutions with a mandate are responsible for setting
the number of intakes both to medical school and to res-
idency training, hire physicians to the medical workforce,
hire foreign doctors, give medical practice license to stu-
dents and eventually decide on the wage levels. This class
is able to perform all of these actions. These parameters
may be changed in order to understand the impact of policy
changes using what-if scenarios and cost-benefit analysis.
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Table 1 Sources of uncertainty affecting the Physician agent
Transition Description
Med School to IAC The minimum time required to
complete medical school is 6
years at any domestic and accred-
ited university, but some students
may take longer. The majority
take 6 years to complete.
IAC to Specialty The internship is a one-year
period, but it may take longer
if the student fails the specialty
exam and is not admitted to resi-
dency training.
Specialty to Graduation Most of the medical specialties
take between 3 and 6 years to
complete, but some students may
take longer due to unforeseen cir-
cumstances.
Graduation to
Public/Private
Practice
A certain number of physicians
are given a job at the public sec-
tor each year, while others go
directly to private practice. The
number of contracts is decreed
by the Government (no uncer-
tainty) and the rate of physicians
absorbed by the private sector is
an estimate.
Public to Private Practice
(and vice-versa)
At any time, physicians may
move between public and private
practice.
Workforce to Retired The retirement age is 66 years,
but a significant number of physi-
cians ask for early retirement. On
average, it is 63.4.
Mortality Currently, life expectancy in Por-
tugal is 77 years for men and
83 for women born in 2001.
Most of the physicians currently
employed are over 40 years of
age.
Dropout According to official statistics,
approximately 2 % of the stu-
dents quit university during the
first years. Dropouts are picked
randomly.
Emigration No official statistics exist,
but according to the Medi-
cal Association “hundreds”?
(approximately 200) of physi-
cians are asking for permits each
year, but may or may not follow
through and actually emigrate.
We assume all emigrate, which
may not be exact as there are
no records whether they have
actually moved abroad.
For instance, what would be the impact of increasing the
vacancies to pediatrics? Moreover, trade-off analysis can
also be undertaken. If we incorporate tuition costs, ana-
lysts and policy makers become better equipped to decide
whether it is preferable to increase the numerus clausus
or increase wage and attract more foreign doctors while
decreasing emigration.
3.1.3 Environment
Similar to the Government, the environment is not an agent.
The environment has no impact on the projections. Its sole
purpose is to load the initial stock of students and actual
physicians, load parameters and other data, record statis-
tics and write the results to an external file, reproducing
the current state of affairs as accurately as possible. The
data loaded includes the current stock of physicians by age
cohort (0 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 64,
65 or over) and specialty; the number of students currently
enrolled in a medical course (total number); the number of
physicians by age cohort doing internship and residency;
the number of students that have graduated recently and are
still applying for a license; and the number of physicians
currently applying for specialty, distributed by specialty and
age cohort. Also, parameters that may be changed by the
analyst are loaded into the environment. Some of these
parameters are the numerus clausus for entering medical
school, the number of vacancies available for each spe-
cialty, the minimum duration of each specialty, the number
of physicians by specialty hired to the national health sys-
tem each year, the number of foreign doctors arriving each
year, the dropout rate, the emigration rate, the percentage
of physicians employed each year by the private sector, and
the percentage of physicians moving to private practice each
year.
3.2 Demand model
Answering whether a given number of physicians is suffi-
cient to provide all the necessary health care requires also
knowing how many health care services will be needed in
the future. Such question is easy to pose, but hard to answer.
Figure 1 shows why. Demand is dependent on several fac-
tors, such as the evolution of demography (population size
and age structure), the GDP growth (health care spend-
ing, and hence health care services is highly correlated to
GDP) and the overall morbidity of the population, since
different pathologies put a different burden on the health
system.
At this stage, due to the lack of data it is not pos-
sible to take all these variables into consideration. One
can, nonetheless, study the isolated effect of demogra-
phy on the demand for health care services, as demo-
graphic projections do exist, and use it to project the
Forecasting the medical workforce: a stochastic agent-based simulation approach
ratio of physicians to population size through the time
horizon:
ratiot = physicianst
populationt
. (1)
By doing so we are implicitly assuming there are cur-
rently no imbalances, and hence the present ratio of physi-
cians to population is a good approximation to a balanced
workforce [5]. The number of physicians for each year
is estimated by the ABM model, while for the popula-
tion growth we use the official projections provided by the
National Institute of Statistics (INE) [27]. The institute elab-
orates two scenarios other than the baseline case. Currently,
the Portuguese population is estimated to be 10.5 million
people, and in all scenarios the population is expected to
decrease by 2060. In the baseline scenario the population is
expected to decrease to 8.5 million people; in the low (pes-
simistic) scenario the population decreases to 6.3 million
people and in the high (optimistic) scenario the popula-
tion size is expected to slightly decrease to 9.2 million
people.
Also important, there is a significant shift in the age
structure of the population, as Fig. 3 shows. In all scenar-
ios, the Portuguese population ages significantly, which has
a strong impact on the demand for health care services.
According to several studies [14], the quantity of health
care services tends to increase past a certain age, especially
near the end of life. In fact, health care spending by age
group, a proxy to the health care services provided, confirms
this empirical evidence. Figure 4 shows the public health
care spending by age group for the Portuguese population
according to OECD data [37].
The population decline in the three projections could lead
one to inadvertently conclude that the ratio of physicians
to population, in case the number of physicians stays rela-
tively constant, would increase significantly, and therefore
a surplus in the physician workforce would occur. Arriv-
ing at this conclusion based solely on such observation and
without accounting also for the ageing of the population
would be extremely weak. We can approximate the effect
of the population’s age structure by multiplying the health
care spending by age group by the number of people in each
age group. We then obtain a given quantity Q of health care
services by computing:
Qa = populationa ×f (health spendinga) (2)
where a is the age (a = 0, 1, . . . , 95+) and f is a rescaled
function of health care spending by age group, with the min-
imum value (10-14) set to 1.0. Figure 5 illustrates the impact
of incorporating the ageing of the population into the demo-
graphic forecasts. In this case, only in the low scenario there
would be a decrease in the demand for health care services.
Both in the baseline and in the high scenario the demand for
health care services would continue to increase.
By using Eq. 2 and indexing it to time we can then
compute a more accurate proxy to demand for health care
services:
ratiot = physicianst95+∑
a=0
Qa(t)
. (3)
Fig. 3 Baseline projections for
the Portuguese population.
Source: [27]
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Fig. 4 Public health care
spending by age group as a % of
GDP per capita for Portugal.
Source: [37]
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3.3 Model implementation
The simulation model was used to forecast the evolution of
the physician (including the 52 medical specialties) work-
force in Portugal until 2050. Portugal is an interesting and
relevant case study. It has improved remarkably in the last
decades in terms of health status of the population. The mor-
tality rate has declined significantly, while life expectancy
has increased and converged to the rates of other Western
European countries [12]. At the heart of these improve-
ments are a National Health System (SNS) and a private
sector composed of physicians, nurses and other medical
and administrative staff that provide health care services
to the population. With 3.77 physicians per 1 000 popu-
lation, Portugal has one of highest rates of physicians in
the EU27, which has an overall average of 3.28. In terms
of nursing personnel, the country has one of the lowest
rates, 534 per 1 000 population, low when compared to
the EU27 average of 7.95 [60], but similar to Spain or
Italy, while exhibiting similar mortality and morbidity lev-
els [6]. It also registers one of the lowest ratios of nurses
per physician (1.4 nurses for each physician, compared to
3.9 nurses per physician in Switzerland). Notwithstanding,
doubts persist whether there may be a shortage of physi-
cians in the present, and whether it will be enough to
cover the future demand for health care. Technical reports
conducted by the Portuguese health authorities report a
shortage for a significant number of medical specialties,
and anticipate a decline in the short-term as a result of the
high number of physicians expected to retire soon [1] (see
Fig. 6). According to this study it is estimated that there
is a current deficit of 145 stomatologists or of 245 general
practitioners.
The model was calibrated using real data made avail-
able by the Portuguese health authorities (ACSS) and INE.
Information regarding the current size of the workforce and
Fig. 5 A projection of the
health care services demanded
by age group. Source: author’s
calculations based on projections
by INE and on OECD data
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Fig. 6 Age profile of the current medical workforce and the distribu-
tion used to extrapolate the age of the initial stock of physicians
students enrolled at each stage of training were inputted into
the model (Table 2).
Parameters were calibrated using statistical distributions
that best fit the empirical data available or using official
records when available (Table 3). When such information
is not available, rates are inferred. For instance, the emigra-
tion rate was set so that the number of emigrated physicians
falls within likely boundaries. Likewise, the number of for-
eign doctors hired each year was approximated to a 10-year
average growth rate, as calculated by Ribeiro et al [47]. This
parameter is in fact a decision variable, although at this point
it is not used as such, and thus it is assumed it just follows
the historical trend (see Fig. 7).
It is safe to assume the time required to complete each
stage of the training phase can be approximated by a sim-
ple exponential function of time, for the reason that there is
a minimum number of years required to complete training
and after some years of inactivity the college member-
ship is suspended. Using official records from one of the
leading Portuguese medical schools [23], we fit an expo-
nential distribution to the number of times (years) students
have to enrol until they graduate. The distribution was cal-
ibrated using maximum likelihood estimation, followed by
goodness-of-fit tests to verify the adequacy of the statisti-
cal distribution. Since no records exist for the remaining
Table 2 Initial data loaded into the model. Source: Portuguese health
authorities [2]
Data Calibration
Physician workforce Number of physicians by spe-
cialty and age cohort
Vocational training graduates Number of students in medical
school, internship or specialty
residency (physicians)
transitions (i.e. from IAC to residency and from residency
to full graduation), we assume similar exponential functions
of time adapted to the duration of each phase (i.e. IAC is
expected to only take one year, so we set the minimum at 1).
Also, students move from IAC to a residency program
if there are vacancies. In real life, medical students have to
take an exam, and based on the grade obtained they choose
from a list of specialities, with the best students having pri-
ority over the others. In case they are unable to enrol in the
residency program they aspired for, they end up going for
the next in the list. In the simulation model we do not require
such a complex procedure. We just need to draw a random
residency program for each physician based on the num-
ber of vacancies available. If there are more candidates than
vacancies those unable to obtain a spot will have to wait for
a year until they can apply again.
With respect to the retirement age, there are no specific
statistics for the physician professional class. We therefore
assume general retirement statistics also apply to physi-
cians. Citizens may qualify for early retirement or postpone
their retirement, thus the normal distribution is a suitable
candidate to approximate the empirical data. As it currently
stands the legal age is set at 66 years and 3 months, but the
mean is approximately 63.4 years of age due to the effect
of early retirement. The parameters used to calibrate the
distributions for modelling transitions are listed in Table 4.
In the case of agents still in the training phase that were
imported into the model another step is required. Since we
are unable to determine whether they have just enrolled
or are about to complete medical school or specialty resi-
dency (statistics obtained only report the aggregate number
of students enrolled), we use uniform distributions to esti-
mate their age and, therefore, the year they are at. This
implies that we assume students are uniformly distributed
throughout the graduation years.
Finally, the agent-based simulation model was imple-
mented using AnyLogic v7.2 (XJ Technologies, Chicago,
IL), a leading software tool for simulation.
3.3.1 Data sources and limitations
Data was retrieved from several sources, as a comprehen-
sive database is not available (Table 3). In the public sector
(SNS), Portuguese health authorities keep an up-to-date
database for payroll purposes, containing all the relevant
information about the professionals, including headcount,
age, sex, specialty, location, etc. The information was col-
lected from the annual reports for the year of 2014 [2].
Health authorities in partnership with the Ministry of Edu-
cation also keep track of information regarding the number
of students enrolled in medical courses, vacancies to med-
ical schools, average time required to complete the degree,
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Table 3 Parameters included in the supply workforce model
Variable Value Source
Foreign doctors Between 20 and 30 arriving each year. Age: N (30, 5). ACSS and [47]
Dropouts 2 % Ministry of Higher Education
Retirement age N (63.4, 4.3) Labour Force Survey (INE) and [35]
Mortality rate Lifetable. Not adjusted to profession. INE
Numerus clausus 1645 Ministry of Higher Education
Residency vacancies 1496 (distributed through 52 specialties) ACSS
Yearly contracts for join-
ing the public sector
1934 ACSS
Specialty duration 4-6 years depending on specialty chosen ACSS
Emigration 0.9 % (estimated) (rate that
approximates an emigration level
between 100 and 200 physi-
cians/year)
Medical Association
etc. Public universities are also required by law to publish
drop out rates. Residency vacancies, which are set by the
Medical Association and by the health authorities, are also
published annually.
In the private sector, the Medical Association keeps track
of the stock of physicians. Unfortunately, their records do
not provide information whether registered professionals
are still active, retired, dead or have emigrated; the type of
activity they perform; or if they practice in the private or
in the public sector [47]. The OECD claims these numbers
overestimate the workforce size by 30 % [41]. For this rea-
son, this work covers the public sector mainly. Note that
such decision has no impact in the model per se, as we still
account for the net number of physicians potentially mov-
ing to the private sector, and generate projections for the
hypothetical evolution of the private sector according to the
same principles governing any other physician. Whenever
the initial stock of doctors practicing in the private sector is
accurately determined, it can be added to the projections.
As for the number of physicians coming from abroad
(immigration), historical data exists, but no forecasts are
available to be incorporated in the model. The number of
foreign doctors currently working in the public sector was
retrieved from the work of Ribeiro et al [47], and using that
data we ran a linear regression to obtain a long-term trend.
The only parameter for which no precise information
exists is the number of physicians that have emigrated and
the number of physicians moving from public to private
practice. Regarding the emigration rate, the Medical Associ-
ation claims that between 100 and 200 physicians emigrate
per year. Although not all physicians asking for a best
practices certificate from the Medical Association actually
Fig. 7 Historical data of the
stock of foreign physicians
working in the SNS (LHS) and
of the yearly change (RHS)
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Table 4 Distributions used to model the time for moving between
states
Transition Description
Med School to IAC Exponential (truncated, min 6,
max 12, shift 0, stretch 2)
IAC to Specialty Exponential (truncated, min 1,
max 2, shift 0, stretch 0.4)
Specialty to Graduated Exponential (truncated, min
specialty duration, max
specialty duration + 4, shift 0,
stretch 1)
Workforce to Retired N (63.4, 4.3)
emigrate (which is how they estimate the number of emi-
grants), since no other information exists we approximate
the emigration rate to best match these numbers. We then
confirm in the results file (cf. Table 7) that the number of
physicians emigrating varies within these boundaries. The
net migration from public to private practice is less con-
cerning, since physicians still exist in the system and are
accounted for.
Finally, the physicians’ gender, their exact age and the
number of physicians that practice both in public and private
practice is also missing, which makes it impossible to con-
vert headcounts to full time equivalents (FTE). Similarly,
feminization of the workforce is a relevant factor potentially
influencing the conversion to FTEs [26].
3.4 Verification and validation
In order to verify and validate the model we have followed
the best practices reported in the literature for ensuring the
model is an accurate representation of the system being sim-
ulated and was implemented correctly [28, 48]. In particular,
to ensure the model performs as intended (verification) we
followed good programming practices, namely: (i) unit tests
at a modular level allow us to verify whether a piece of
code being tested acts as expected and is not broken by a
new addition; (ii) observable tools such as graphical dis-
plays provide feedback of what the model is doing at any
given time, a simple but powerful way of monitoring its
execution; (iii) a simple ex post verification system double-
checks the results in Excel (i.e. it sums all the inflows and
outflows for a given year and compares them to the vari-
ation in stocks reported by the simulation model). Using
all these tools at once we were able to detect a lot of
unusual or strange behavior arising from badly implemented
code.
In terms of validation, which consists in determining
whether the conceptual simulation model accurately rep-
resents the real system [28], we used real-world data and
designed experiments based on Monte Carlo sampling to
test whether the model was behaving as expected. Due to
the unavailability of historical records, it is not yet possible
to perform a retrospective (backwards) simulation, which
could be used as an additional validation step [58]. The
inventories of human resources only go as far as 2013,
which is insufficient for a model with a long time horizon.
Also, using data from other countries is not feasible, since it
would require several changes to the original model in order
to adapt to the specificities of that country. Consequently,
the model being validated would be a different one, render-
ing the validation useless. However, this does not imply the
model is not generalizable, in the sense that it is possible
to alter it according to the rules in practice in each coun-
try, calibrate it with the respective data and obtain forecasts.
For instance, if there is no IAC (mandatory practice year
between medical school and residency) in a given coun-
try, the researcher may simply delete that state out of the
physician’s lifecycle state chart and run the model. What is
not possible is to validate the model as it currently stands
using data from other countries. The model would have
to be changed accordingly, and by doing so we would be
validating a slightly different model.
Instead, we resorted to indirect means to ensure the
model was correctly implemented. First, we elaborated
experiments with predictable outcomes to verify if the
model behaved according to the expectations. For instance,
in a scenario where the number of training places is
increased there should be an increase in the workforce num-
bers in comparison to a baseline scenario where no change
is performed. Likewise, if the retirement age is raised, the
number of retirees should decrease while the workforce size
should increase.
We have also used other indicators to validate the model.
A significant number of retirees is expected to take place
in the next years, a result of the age structure of the cur-
rent workforce (cf. Fig. 6), after which it should revert to
historical retirement levels. Such effect must be perceptible
in the projections. Between 2015 and 2017 there are almost
twice the number of retirees than the average for the remain-
ing years. The number of retirees then reverts to historical
levels for the same workforce size, between 200 and 500
per year [3]. This behavior is consistent with the empirical
data. Finally, some unit-level tests were performed on the
physician agent to ensure the model executed all the relevant
functions correctly, in particular the lifecycle of the agents.
Deviations from expected behavior trigger a warning or an
error depending on the degree of importance. For instance,
if an agent does not die, if he gets stuck in a given state,
etc., the model suspends execution. Similarly, the outcome
of critical functions is verified for each simulated year. For
instance, if a given number of training places are created, the
number of agents taking those places cannot exceed the slots
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available. These unit-level tests helped in identifying bugs
and implementation errors during development and testing
phases, or when new features are implemented.
4 Results, validation and scenario analysis
A baseline analysis was conducted to forecast the supply
of physicians. It was calibrated to match current policies
and reproduce the factors affecting the health labor market,
including the number of training places and friction rates
(i.e. the number of physicians that leave the workforce in
search of a new job, drop out from school, move to pri-
vate practice, etc). This analysis is used as a benchmark
against other scenarios in which policy levers (i.e. deci-
sion variables) are changed. In the current formulation any
parameter can be defined as a decision variable, but in fact
only numerus clausus and the number of contracts to join
the public workforce, which is directly linked to the number
of training places for specialty school, is used as a de facto
policy lever. Retirement age, which in theory could also be
changed, would affect the entire public sector workforce,
deeming its use in practice unfeasible.
Hypothetical scenarios in which decision variables are
changed were also conjectured. They serve two pur-
poses. First, to analyze how uncertainty surrounding critical
parameters may affect the model. Second, to qualitatively
validate the model. For instance, holding everything else
constant, an increase in the number of training places should
lead both to an increase in the number of students and grad-
uates versus the baseline benchmark. Similarly, increasing
the minimum legal age for retirement should lead to an
expansion of the workforce.
Furthermore, several Monte Carlo experiments were per-
formed to analyze how forecasts may vary with randomness.
In particular, how uncertainty in input parameters such as
the emigration and the dropout rate may affect the projec-
tions. By running the simulations hundreds of times we can
estimate the probability distribution of the possible future
values of the projections, and elaborate a density forecast
to analyze how large can the deviations be within a confi-
dence interval. These density forecasts can also be used to
perform a sensitivity analysis on the parameters, providing
guidance for the adjustment of the decision variables so that
the projection variation stays within a safety band [55].
4.1 Baseline model
In the baseline model, all the data and parameters listed in
Section 2.2 were left unaltered. Additionally, training places
in medical schools were fixed at 1496. We assume there
are always as many students wishing to join medical school
as the maximum number set by the numerus clausus. This
is supported by evidence, since every year there is a con-
siderable number of students unable to enrol in Medicine,
who end up emigrating or waiting for a year until they can
apply again. The high grades for accessing medical school
also support this assumption. Vacancies to specialty schools
were set to 1441, distributed by 52 specialties according to
official records; the number of job offers to join the pub-
lic sector was set to 1934, the value observed in 2014, and
contracts were distributed by specialty following the same
distribution of training places at specialty school; the physi-
cian emigration rate was set to 0.40 % of the total population
of physicians (except those in medical school, who typi-
cally emigrate before joining university; students who do
emigrate during medical school are captured in the dropout
rate); and the dropout rate to 2 %. The net migration rate
from public to private practice was set to 2 %, and the direct
hiring rate by the private sector (after graduation) was set to
3 %. Finally, the number of yearly job contracts for hiring
physicians was set to 1441.
With the exception of the emigration rate and of the net
migration rate between public and private practice, all the
values were obtained from official records. The emigration
rate and the number of physicians working in the private
sector had to be estimated, since physicians are not obliged
to report their status and therefore there are no records avail-
able. The Medical Association claims that between 200 and
300 physicians ask for a permit to practice abroad. However,
not all physicians actually leave, so it is not possible to know
the number with precision. We calibrated the model so that
between 100 and 200 physicians emigrate per year when
considering the initial stock of physicians (0.4 % emigra-
tion rate). Regarding the transfer between public and private
sector, the lack of exactness does not affect the overall pro-
jections, since these physicians are actually practicing either
in the public or in the private sector. It may affect a sectoral
analysis, though, in case the aim is to look exclusively at
one of the sectors. This is not the case of the present work.
4.2 Evolution of physicians
According to the simulations ran using the baseline sce-
nario, the physician workforce in the public sector will
decrease slightly in the first 15 years and recover afterwards,
albeit to a level inferior than the one observed initially in
2015, as Fig. 8 (public sector, line E) and Table 7 show. The
decrease in the physicians workforce (public sector) that
takes place until 2030 can be explained by the age struc-
ture of the current medical population, in particular by the
predominance of physicians over 50 years of age, which are
expected to retire in the next ten to twenty years, and by a
constant hiring rate that does not automatically compensate
for the loss.
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Fig. 8 Evolution of the
physician workforce (students,
graduates and public sector)
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Nonetheless, such analysis would be incomplete for sev-
eral reasons. First, it does not account for the number of
graduates that practice neither in the public nor in the private
sector, but are available for hire. The number of graduates
yet to be hired provides a measure of the slack available
in the health labour market. If no graduates were available
there would be no way other than recruiting foreign doctors
to solve a short term shortage of health human resources.
Unfortunately, there is no reliable information on the initial
stock of graduates, but the model is able to capture new stu-
dents who graduate and are unable to find a job. Second,
physicians doing the internship year (IAC) or in specialty
residency are already practicing under supervision, although
with very limited action.
Therefore, a better outlook is obtained if we incorporate
both interns and specialty students in the analysis of the pub-
lic sector workforce, and also account for graduates. Figure 9
shows the evolution of the workforce in the public sector
including medical students already practicing. Incorporat-
ing medical students does not seem to alter the long-run
trend pointing to a slight decrease in the workforce. When
graduates are also considered there is an increase of approx-
imately 9000 physicians by 2050, a better outlook than the
one presented before. However, special precaution should
be taken when interpreting these numbers, especially when
converting the headcounts to FTEs. First, students practic-
ing medicine are not capable of performing all the tasks of a
graduated physician. Second, we are not accounting for the
Fig. 9 Evolution of the
physician workforce in the
public sector, including students
already practicing
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Fig. 10 Evolution of GPs
specialists training the students, hence unavailable to per-
form clinical practice (records with the ratio of supervisors
to specialty students are not publicly available).
There is no information regarding the number of physi-
cians currently working in the private sector, only crude
estimates. Nonetheless, we are able to capture physicians
absorbed (either moving or being directly employed) by
the private sector. Such information is critical to calculate
a total number of physicians practicing in Portugal. For
this reason, we leave the private sector out of the analy-
sis, with no loss of generality (the size of the private sector
has no impact in this model). The private sector is there-
fore not included in any of the plots or tables. When we
look in detail at each specialty we see considerable varia-
tions, both negative and positive. The increase in GPs was
a deliberate policy enacted in recent years to ensure enough
practitioners were available to work at primary care centers
and to serve as gatekeepers. The increase in the number of
vacancies for GPs in specialty schools indeed increases the
number of GPs, as Fig. 10 demonstrates. On the other hand,
there is a significant decrease in a lot of other specialties. In
2014, they account for almost 20000 professionals, while by
2050 there will be a 15 % decrease to around 17000 physi-
cians if we ignore graduates, as Fig. 11 shows. Whether
these will be enough to provide the quantity of care required
will depend on other factors such as the expected demand,
the change in epidemiological needs and the evolution of
productivity, all outside the scope of the present work.
Moreover, specialties are projected to evolve in very dis-
parate ways. While some specialties such as clinical pathol-
ogy, internal medicine, oncology or stomatology see a large
increase by the end of the forecasting horizon, other special-
ties will decrease significantly. In particular, neuroradiology
will decrease 55 %, from 175 specialtists to 79 by 2050.
Likewise, general surgeons, gynecologists and urologists
will see a decrease of 25 %, 48 % and 43 %, respectively. In
contrast, stomatology increases 50 %, immunochemother-
apy 34 %, clinical pathology 53%, public health 61 %
Fig. 11 Evolution of all
specialties except general
practitioners
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Table 5 Evolution of a selected group of specialties (public workforce
+ specialty students + graduates)
2014 2030 2050 
Anesthesiology 1784 1547 1458 -18 %
Cardiology 687 630 625 -9 %
Clinical Pathology 481 573 734 53 %
Endocrinology 221 233 252 14 %
Gastroenterology 427 346 298 -30 %
General Practitioner 8729 8661 10190 17 %
General Surgeon 1549 1240 1161 -25 %
Gynecology 1352 911 701 -48 %
Immunochemotherapy 264 273 353 34 %
Infectology 226 261 310 37 %
Internal Medicine 3167 4158 4874 54 %
Neurology 498 507 555 11 %
Neuroradiology 175 128 79 -55 %
Neurosurgery 184 137 125 -32 %
Ophthalmology 621 591 602 -3 %
Oncology 373 488 492 32 %
Orthopedics 1031 962 937 -9 %
Pediatrics 1874 1753 1594 -15 %
Pneumology 574 680 754 31 %
Psychiatry 901 1063 1267 41 %
Public Health 478 572 771 61 %
Radiology 654 606 578 -12 %
Radiotherapy 112 109 90 -20 %
Rheumatology 162 219 217 34 %
Stomatology 189 214 283 50 %
Urology 341 256 194 -43 %
and oncology 32 %. Table 5 lists initial and final projec-
tions for a selected group of specialties, accounting for the
public sector workforce, specialty students and graduates,
and Table 6 provides the raw estimates for all aggregates,
including frictions affecting these aggregates.
Finally, the evolution of frictions that may affect
the workforce confirms the expected upsurge of retirees
(cf Table 6), a result of the age structure heavily depen-
dent on physicians aged fifty or more. The retirement
rate decreases as the aged workforce gets replaced by
younger physicians. The dropouts are fairly constant, since
the dropout rate is not affected by any internal or exter-
nal factor, and the number of students is not expected
to vary much. Emigration is not expected to change
significantly, as there are virtually no physicians unem-
ployed in Portugal, and so the emigration rate is fixed
throughout the simulation horizon. Figure 12 provides a
detailed account of all the frictions affecting the physician
workforce.
4.3 Demand analysis
According to the OECD, in 2013 there were approximately
4.3 doctors per 1 000 population in Portugal [41]. However,
as OECD also notes, these numbers may be misleading.
Data refer to all doctors licensed to practice and registered
in the Medical Association’s database, which results in an
overestimation of about 30 %. This means that the number
of physicians reported is well above the number of physi-
cians actually practicing. For this reason, OECD no longer
reports numbers for Portugal in their ”Practicing physicians
(doctors)” database.
Since there are no data available on the number of physi-
cians practicing in the private sector, the current ratio of
physicians to population is fallacious. Therefore, we will
use the number of physicians in the public workforce only
(including graduates and those in residency training) to
project the ratio against the three demographic scenarios.
Figure 13 shows the evolution of the ratio.
In all scenarios, the ratio increases, and in the case of
the low scenario, where the population decreases to 6.5 mil-
lion by 2060, it increases significantly from approximately
3 physicians per 1 000 population to 4.2. However, looking
only at the population size without accounting for the age
structure would be insufficient, a point explained further in
Section 3.2. Therefore, we also compute Eq. 3, which is a
better proxy to estimate future demand. Figure 14 shows the
evolution in the ratio.
As a visual comparison between Figs. 13 and 14 attests,
the projections change dramatically when we extend the
analysis with the age structure of the population. In all
three demographic scenarios, the ratio of physicians per Q
decreases, meaning that the shift in the age structure of the
population plays a dramatic role. In comparison to the base
year (2015), the ratio (Eq. 3) decreases in both scenarios,
bar the low one, in which case it ends with the same ratio by
the end of the projection period. In the two other scenarios,
and assuming everything else remains constant (i.e. produc-
tivity, skill mix, morbidity, etc.), the number of physicians
would be inadequate.
4.4 Scenario analysis
Most of the factors affecting the evolution of the medical
forecast are out of reach of policy makers, but some can
still be influenced. To analyze the influence of changes to
policy variables and also to validate the model we have con-
ceived three different scenarios with likely outcomes. In the
first scenario, we consider a change to the minimum retire-
ment age, delaying retirement until 66 and 67 years of age.
The effect is predictable in comparison to the baseline sce-
nario: less retirements should occur and the workforce will
be marginally bigger. Moreover, the effect of 2 extra years
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Table 6 Forecasts of the number of physicians (aggregated by GPs and others), both students, graduates and workforce, as well as frictions
affecting the workforce
2014 2016 2020 2025 2030 2035 2040 2045 2050
Stocks
Students 12200 11721 10496 10674 10874 10736 10806 10676 10781
Internship + Residency (IAC) 1418 1111 1805 1336 1374 1382 1286 1361 1326
Specialty school
GPs 1889 1986 2138 2012 1856 1977 1953 1977 1958
Other specialties 6400 6296 6406 6187 5655 5743 5731 5679 5690
Workforce
GPs 6053 7650 7056 6794 6700 7097 7355 7520 7446
Other specialties 13718 11614 10475 10028 10058 10209 10350 10168 9691
Graduates
GPs 787 903 1207 1638 1961 2097 2358 2577 2744
Other specialties 1756 2029 2904 2796 4501 4817 5119 5362 5595
Flows
Emigration - 121 161 164 149 163 174 173 185
Foreign hires 152 36 35 41 36 33 39 37 40
Dropouts - 465 419 406 416 391 427 341 407
Retirements - 831 498 488 352 281 361 493 517
should be larger than the effect of 1 extra year. In the second
scenario we consider a 10 % increase and a 10 % decrease
of training places, both in pre-grad medical school and in
specialty school. An increase should lead to a surge both in
the number of graduates and in the workforce. Conversely,
the opposite should occur when the numerus clausus are
reduced. Results show that, as expected, raising the mini-
mum retirement age produces an overall positive effect in
the supply of physicians (includes specialty students, grad-
uates and the workforce working in the public sector). In
particular, 1 extra year is responsible for a -0.58 % decrease
in the number of GPs and a 1.14 % increase in all other
specialties in comparison to the baseline scenario1. When 2
extra years before retirement are considered, GPs increase
1.82 % by 2030, while all other specialties see an overall
increase of 3.40 % by 2050 (Table 7). These numbers are in
line with the literature, which examined the effects of late
retirement and concluded that it has a very limited impact in
medium to long term projections [56]. Albeit limited, note
that it has an immediate impact in the workforce exits.
At first, a change in the number of training places seems
to produce a greater impact on the supply of physicians
than postponing retirement. When the number of vacancies
is increased by 10 % the number of GPs rises 8.58 % and
1The -0.58 % decrease is not statistically significant as it is within
the margin error for the baseline scenario (see Fig. 16a). Running the
model again would most likely generate a positive increase. We left
this anomaly as a reminder of how stochasticity may affect the model,
and why Monte Carlo simulations are critical.
all other specialists 7.48 %. On the other hand, a decrease
is responsible for a decline of approximately -9.11 % of
GPs and -7.88 % of all other specialists. However, if the
retirement age were increased or decreased by 10 % simi-
lar results would be obtained, and so in practice they exhibit
similar elasticity. Not surprisingly, an increase in the num-
ber of training places takes longer to produce an effect,
since it requires up to 10 years for students to graduate and
integrate the workforce, as Fig. 15 makes clear.
4.5 Uncertainty analysis and Monte Carlo simulations
In order to estimate the potential impact of uncertainty in
key model inputs we conducted a sensitivity analysis. Being
a stochastic model with parameters sampled from probabil-
ity distributions, simulations need to be run several times to
analyze a large set of outcomes. We have run 1000 simula-
tions for each scenario. Monte Carlo simulations were run
for a baseline scenario and for stochastic dropout and emi-
gration rates. Since these rates are determined empirically
and subject to much uncertainty, obtaining a confidence
interval within which projections may vary is critical to
ensure the model is robust. If a small change in one of these
inputs causes a major deviation in the forecasts such effect
must be duly accounted for by analysts and policy makers.
To help visualize the results of the Monte Carlo simula-
tions we built density forecasts, which are estimates of the
probability distribution of the possible future values of that
variable within a confidence interval [55]. The probability
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Fig. 12 Physicians exiting the
workforce each year due to
emigration, mortality or
retirement, and foreign doctors
(immigration) joining the
workforce
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distribution was extrapolated out of the histogram gener-
ated by running the model 1000 times. Figure 16a shows
the density forecast of the workforce estimates for the base-
line scenario and for each of the inputs that were subjected
to variation. Figure 16a suggests that the uncertainty stem-
ming from the model, such as the transition times in the state
charts, does not introduce much variability. Despite varying,
it does so within relatively narrow bands. The maximum
mean absolute deviation is 1.42 %. Also, the maximum
variation between the lower and upper estimate is 621
physicians, approximately 2.26 % of the median estimate.
Furthermore, the green area around the median identifies the
confidence level. The closer to the median the smaller the
level of confidence. For instance, if the baseline scenario is
correct then the number of physicians observed at the end of
the forecasting horizon may vary between 28029 and 28585
for a 95 % C.I. When the emigration rate is allowed to vary
following a normal distribution with mean 0.004 and stan-
dard deviation 0.002, the band between forecasts widens
considerably. This implies a deviation in the emigration rate
may have a large impact on the forecasts (Fig. 16b). The
maximum mean absolute deviation is 6.43 %, but the abso-
lute difference between extreme values may go as high as
10.84 %, or 3104 physicians. If a deviation of 600 is not
easy to accommodate, fivefold the difference may pose a
serious problem to a functioning health care system. The
problem is aggravated further with the variability intro-
duced by the dropout rate, another key input. If it follows a
Fig. 13 Evolution of the ratio
of physicians (all physicians
except medical students
attending university and private
practice) to 1 000 population
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Fig. 14 Evolution of the ratio
of physicians (all physicians
except medical students
attending university and private
practice) to Q
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normal distribution with mean 0.02 (2 % dropout rate) and
sigma 0.01 the forecasts may deviate up to 17.15 % from the
absolute mean. In such case, there is a difference of 7729
physicians from the lower and upper bounds for a 95 %
C.I (Fig. 16c). Although the coefficient of variation is high
(cv = σ/μ = 0.02/0.01 = 2), it is not that abnormal to
observe a change in the dropout rates of a magnitude of 1
percentual point.
The uncertainty analysis helps to understand how some
variability in input parameters may alter the forecasts, but
also to validate the model. The model reacts as expected
when either the dropout or the emigration rates vary.
5 Discussion
The purpose of this study was to present an agent-based
simulation approach to forecast the physicians workforce.
This supply model is part of a larger initiative aiming to
conceive an integrated model, providing a comprehensive
view of the health care market and the drivers influencing
it. By simulating at the individual level we are able to col-
lect detailed statistics of all actions that take place within
the model. Moreover, it becomes possible to incorporate
additional microeconomic foundations into the physicians
to analyze complex behavior, such as their propensity to
emigrate based on wage, and with such information con-
template different policy scenarios. For instance, consider a
scenario where an increase in wages could be used to dis-
suade physicians from emigrating. Proceeding in a similar
way, the model can be used to analyze vertical substitution
between physicians and nurses, the impact of enhanced pro-
ductivity or internal migrations from and to rural areas. In
fact, the model may be particularly useful for studying the
regional asymmetries that exist in Portugal.
Providing bullet-proof projections is not the aspiration
of this work, but rather to exemplify how the model could
be used with that aim. For that purpose, we have demon-
strated its application to the Portuguese medical workforce.
The model was conceived to replicate as best as possible the
current working conditions, economic constraints and fric-
tions affecting physicians in Portugal. Preliminary results
Table 7 Impact of the hypothetical policy interventions on the physician workforce
2030 2050
Scenarios GPs  Other specialties  GPs  Other specialties 
Baseline 10667 - 20470 - 12161 - 20988 -
Training places Increase by 10 % 11045 3.54 % 20609 0.68 % 13205 8.58 % 22557 7.48 %
Decrease by 10 % 10510 -1.47 % 19911 -2.73 % 11053 -9.11 % 19334 -7.88 %
Late retirement 66 years 10634 -0.31 % 20661 0.93 % 12090 -0.58 % 21227 1.14 %
67 years 10838 1.60 % 21004 2.61 % 12382 1.82 % 21701 3.40 %
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Fig. 15 Comparison of the
evolution in the supply of
physicians (interns + specialty
students + public practice +
graduates) under the difference
scenario assumptions
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suggest that in the absence of any policy intervention (the
baseline model) there will be a slight decline in the number
of physicians doing public practice. If we also account for
the number of graduates there will be a slight increase of
approximately 2000 physicians by 2050.
Results also show that there will be a significant increase
in the number of GP graduates. At the current hiring rate,
the additional 1400 GPs will not be immediately absorbed,
which poses a risk. If they are unable to find work for
too long, either in the private or in the public sector, they
may emigrate. Current policies suggest an expansion of pri-
mary care centres and family physicians, a role typically
performed by GPs. If such policies are to be pursued, the
excess of 1500 GPs may easily be absorbed by either the
private or the public sector. An accurate analysis requires
an integrated model that includes all the drivers of supply
and demand previously mentioned, and also accounts for
any current imbalances in the workforce [5]. Nevertheless,
this serves to reinforce the fact that an excess or a shortage
per se may not be indicative of an imbalance in the health-
care workforce, a conjecture already put forward when we
incorporated demand forecasts in the analysis.
When we look in detail at the figures for each specialty
(cf. Table 5), we can see some considerable changes. For
instance, changes of up to 61 % in the number of Public
Health specialists or decreases of -55 % in Neuradiologists.
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Fig. 16 Density forecast of the workforce estimates in the baseline
scenario (panel a), when the emigration rate is given by a normal dis-
tribution with mean 0.004 and sigma 0.002 (panel b), and when the
dropout rate varies according to a normal distribution with mean 0.02
and sigma 0.01 (panel c). Area in grey is historical data, the black
line is the median and the gradient is the variation within confidence
intervals limits
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These changes are, in fact, expected. Recently, the Gov-
ernment increased the number of intakes to Public Health.
That means that the future flow of new specialists to Pub-
lic Health is actually expected to increase considerably.
Observing the data, we count 315 Public Health physicians
currently in practice, plus 100 in residency training that will
be joining the workforce any time soon. In 2003 there were
36 new residency spots just for Public Health. In the time
horizon of 35 years that figure comes to over 1260 fresh
new Public Health physicians (ignoring the outflows from
the stock). In the case of neuroradiology, the number of
vacancies to residency training has been reduced to 3 for
the whole country (increased to 5 in 2014 and expected to
increase further in 2015). Since there are only 175 neurora-
diologists currently practicing, of which 46 % are 50 years
of age or older and 44 are still in residency training, it does
not come as a surprise that the number falls to 79 by the
end of the time horizon. Additionally, Monte Carlo simu-
lations suggest that the effect of uncertainty on some key
inputs is not negligible, and may in fact alter the trend of
the projections, bringing an increase to a substantial drop
(Fig. 16c). While a surplus may lead to unemployment and
a bad allocation of resources, a shortage may put patients
lives at risk [4]. Policy makers can account for this trade-
off and decide accordingly, in particular whether to risk
erring on the side of caution. Despite not providing a full
description of the problem, as discussed previously, these
results may still be useful for policymakers. For instance,
we have seen that the increases in GPs and Public Health
specialists or, contrariwise, the reduction in neuroradiol-
ogists were expected, in the sense that policies had been
enacted to achieve such outcome. Policymakers can observe
the projected numbers and realize whether the evolution
of the remaining specialties is in accordance with what is
expected. If not, they can experiment with the number of
intakes to residency programs to adjust to a desirable level.
Moreover, if new information arrives, pointing to an effec-
tive decline in the population, policymakers can simulate the
impact of reducing the numerus clausus in the size of the
workforce.
When we extend the analysis to incorporate demand pro-
files, in particular the impact of demographic trends, it is
interesting to observe that the ratio of physicians to a proxy
of total quantity of care actually decreases, despite a declin-
ing population. Population ageing, and thus a shift in the
age structure, seems to explain this phenomenon, as elders
and end-of-life care tend to put an additional weight on
the health system. In fact, only in the pessimistic scenario,
where the population size decreases by 40 %, does the
ratio remain relatively stable through the forecast period.
In the optimistic case, where population decreases only
by one million persons, the ratio decreases from 0.87 to
0.73 physicians per total quantity of care by 2050. Note,
however, that this analysis assumes the current ratio is ade-
quate, which may be a frail assumption. Assessing whether
current imbalances do exist would strengthen the analysis
[5].
A comprehensive policy analysis wishing to inform
decision-makers on the number of vacancies to open
for each medical specialty should extend the analysis
of demand, whenever data is available, incorporating the
remaining drivers identified in Fig. 1, in particular needs.
To do so, future research can start by estimating the pro-
duction function for each medical specialty, i.e. the quantity
of health care (surgeries, outpatient and inpatient contacts,
emergencies, etc.) that can be delivered given the avail-
ability of physicians, nurses and capital. Next, it should
obtain a precise account of the quantity of health care ser-
vices sought by age group, identified by pathology. It can
then combine this information with demographic changes,
extrapolating which pathologies may be more frequent in
each age group, and its impact in terms of physicians’
requirements.
Other factors in addition to demand may also play a sig-
nificant role. Productivity growth, for instance, may help in
delivering the same care with fewer resources. Skill mix, in
particular horizontal substitutability with nurses, may also
leverage the work of the physician. Again, this interaction
takes place at the micro-level, between agents, in a non-
trivial way. ABM is therefore a very adequate method to
conduct such studies.
5.1 Agent-based modelling vs System Dynamics
This paper served also to show that ABM is an adequate tool
for healthcare workforce planning, both for researchers and
policy-makers. It is an effective tool for generating forecasts
of the evolution of health professionals, but also for study-
ing other relevant economic behavior that may affect the
workforce, presenting several benefits over SD simulation.
Although the physician agent as it currently stands does
not incorporate any microeconomic foundations to illustrate
some of the advantages of using ABM, one may concep-
tualize several scenarios for which the ability to model
individual behavior would be critical.
One illustrative example of a research question for which
ABM is clearly more suitable is the case of handling
emigration in healthcare workforce planning. Assume the
physician emigrates whenever the utility of a proposal com-
ing from abroad is better than the utility of working in the
home country plus a fixed cost for moving abroad (depen-
dent on age). There will be thousands of utility values for
different physicians, depending on their age, wage level, etc.
Implementing such feature using System Dynamics would
be extremely complex, and aggregating the results into hun-
dreds of stocks would be senseless, assuming it is doable.
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For problems largely stemming from individual behavior,
which is the case, ABM is clearly a better alternative. In fact,
other pressing topics, such as regional asymmetries within a
country, can only be studied by employing a method capa-
ble of handling spatial information, something ABM does.
Extending this model to study regional asymmetries would
require little effort. Doing so with SD would be extremely
laborious.
The distinctive feature of ABM over SD is not gen-
erating better results. In fact, for problems where adding
individual features to the agent, such as individual memory
(history), agent communication, spatial awareness or het-
erogeneous utility functions is unnecessary, ABM would not
present any advantages [16]. Some of the individual prop-
erties can be added to System Dynamics with the help of
dimensional arrays that try to capture each property. For
instance, there may be a dimensional array for the age inside
each stock, another for the specialty, etc. However, as soon
as the models grow in complexity, so do the array dimen-
sions, making the model extremely slow [16]. ABM can
deal with any number of properties without any significant
hit in performance.
6 Conclusion
In this paper we have illustrated how agent-based mod-
elling may be used to forecast the supply of physicians,
and highlighted some of the advantages over other compet-
ing methods, such as System Dynamics. We specified and
implemented an ABM that replicates the physicians’ lifecy-
cle, calibrated the model using available data and generated
forecasts for the Portuguese workforce until 2050. The fore-
casts do not indicate a significant change to the size of the
medical workforce, although substantial variations do take
place for some particular specialities. When we factor in
demand, in particular changes to the population size, a first
analysis could lead to the (frail) conclusion that the number
of physicians would be in excess of a declining population.
However, when we also account for the shift in the age struc-
ture of the population, results suggest that the number of
physicians may actually be insufficient to deliver enough
care to an ageing population. Portugal could well have to
deal with a shortage of physicians in the nearby future.
Faced with this, policy-makers may use several levers
to reduce the imbalance. In this study we analysed the
impact of two, a change to the numerus clausus and raising
the retirement age. Others could have been considered. For
instance, changes to the wage bill or other retention poli-
cies to reduce emigration. We do not address these policy
options here, but the model developed may be a good basis
upon which to study such options, and provide foresights
to inform policy makers. ABM makes it easy to incorporate
decision-making capabilities and reactive behavior into the
agents, critical to assess the impact of enacting such poli-
cies. ABM should definitely become part of the researcher’s
toolkit.
Appendix
A Mathematical description of the model
The ABM proposed can be loosely approximated by a set
of differential equations. Keep in mind, however, that the
differential equations that define the stock and flow equa-
tions emerge out of the agents’ actions, and are thus not
hardcoded in the model. In fact, they provide an aggregate
overview of the number of physicians at each state, and
not a precise account for each individual physician. Under
this formulation it is not possible, for instance, to know the
age of an individual physician or if that particular physi-
cian is retired, only the aggregate number of physicians
retired by year and speciality. It is also not possible, or
extremely laborious, to incorporate microeconomic founda-
tions. Notwithstanding, this alternative formulation may be
of interest to those well versed in math or with experience in
SD simulation, for whom it will be easier to follow through.
Let t be the time period (t ∈ T = {0, . . . , T }), s the
state the physician is in (s ∈ S = {1, 2, 3, . . . }) from the
list of states described in Fig. 2 and i the physician spe-
cialty (i ∈ I = {0, 1, 2, . . . , 52}). The stock S of physicians
by specialty i at time t and state s can be computed by
integrating the following equation:
Sis(t) =
∫ T
0
[Inflowsis(t) − Outflowsis (t)] dt +Sis(0) (4)
The Inflows function represents all positive flows of
physicians with specialty i accruing at each period t in state
s, while Outflows represents negative flows to the stock i
at period t and state s. Sis(0) represents the initial stock of
physicians in state s with specialty i. Which inflows and
outflows affect the stock S will depend on the state s the
physician is in. For instance, dropping out of school only
applies to agents still in training (see Fig. 2). The stock
equations for each state s will then be an adaptation of Eq. 4.
For instance, let us consider the case of students undergo-
ing training. These students are not specialized yet, and so
we assume i = 0. The growth rate in the stock of students
in medical school is given by:
S1(t)
dt
= M(t) + (x − d − ma) · S1(t) − δ · S1(t), (5)
where M(t) is the fixed number of fresh students joining
medical school, x is the net migration rate (i.e. immigrations
- emigrations), d is the dropout rate, m is the mortality rate
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at age a and δ ·S1(t) is the share of already enrolled students
moving to the next state (S2). The mortality rate is obtained
from a life table, more specifically qa , the probability that
someone aged exactly a will die before reaching (a + 1).
The stock equations for the remaining states are similar,
except for one detail. Since “Med School” is the initial state,
there are no agents transitioning from a previous state, only
an initial stock and a constant positive flow M of fresh stu-
dents arriving at each period t . However, subsequent states
will have previous states. For instance, medical students
transition from state “Med School” to “IAC”. Hence, we
should also include a term representing all the positive flows
arising from the previous state as follows:
Ss(t)
dt
= (x − d − ma) · Ss(t) − δ · Ss(t) + ω · Ss−1(t), (6)
where ω · Ss−1(t) is the share of physicians moving from
the previous state to current state s and δ · Ss(t) represents
the share of physicians moving onwards to the next state.
To make it clear, let us instantiate a particular case. Con-
sider state S2, corresponding to “IAC”, the practice year
between medical school S1 and residency training S3. We
assume students are uniformly distributed throughout col-
lege years, and so the probability of completing medical
school S1 and moving to next state S2 can be approxi-
mated by the probability of being in the last year of studies.
However, the time required to complete studies is not deter-
ministic. Although medical school takes no less than 6 years
to complete, some students take longer. We model the prob-
ability of shifting from state by first considering that the
number of years λ necessary to fulfil the requirements fol-
lows a probabilistic distribution. In this case, we assume the
exponential distribution, as it exhibits the best fit to the data:
λ ∼ Exponential . (7)
Then, assuming all years are equally laborious, the prob-
ability of transitioning to the next state is equal to the
probability of being in the final year, which is equal to:
ω = p1,2 = 1
λ
, (8)
and the share of physicians moving from the previous
state S1 to the current state S2 is then approximated by:
ωS1(t) = S1(t)
λ
. (9)
We also need to compute the probability of moving to
state S3 to obtain the complete equation. Transition to S3
implies obtaining a vacancy at a residency program. There
are several types of residencies corresponding to each medi-
cal specialty, and the probability of moving to any residency
program can be approximated by the ratio between the num-
ber of residency vacancies available for year t , n(t), and the
number of students wishing to apply in that year, ω · S2(t):
p2,3 =
{
n(t)/ωS2(t) if n(t) < ωS2(t)
1 if n(t) ≥ ωS2(t) (10)
Consequently, the number of physicians moving to resi-
dency, δ · S3, can be approximated by p2,3 · S3(t).
When the physician is already employed the equations
change slightly. To calculate the number of physicians with
specialty i in the public sector (s = 5) at time t we need to
integrate the following equation:
Si5(t)
dt
= (x − y − ma − r) · S5i (t) + ω · S4i (t), (11)
where y is the net migration rate from the public to the
private sector and r is the rate of physicians retiring at year t .
This is required since, at any time, the physician may move
back and forth between the public and the private sector.
When calibrating the model we assume that the net transfer
rate is negative with regards to the public sector. After work-
ing for some years the physician retires. The retirement age
is drawn from a normal distribution:
R ∼ N (μ, σ 2), (12)
and calibrated according to the distributions specified in
Table 4.
The remaining differential equations are trivial to build
following the same procedure.
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Abstract
Physician emigration can either function as an escape valve to help the health
labour market clear from a supply surplus, or aggravate the problem further in
case of a shortage. Either way, policy-makers should be particularly aware and de-
vise policies to minimize the occurrence of an imbalance in the physician workforce,
which may require physician retention policies if barriers to entry and other market
rigidities can not be removed. To this purpose we have developed an agent-based
computational economics model to analyse physician emigration, and have used it
to study the impact of potential short- and long-term retention policies. As a real
case study we have calibrated it with data from Portugal, which features a very
particular health system with many rigidities. Results show that all policies are ca-
pable of increasing the workforce size, but not all reduce emigration. Furthermore,
the welfare impact of the policies varies considerably. Whether policies to retain
physicians should be enacted or whether policy makers should let physicians go will
depend on the type of imbalance present in the health system.
Keywords: Healthcare workforce planning; Health policy; Agent-based computational
economics; International migration; Physician migration; International medical graduates
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1 Introduction
An adequate medical workforce is a critical requirement to an healthy population, as the
delivery of health care services is still highly dependent on physicians. In general, health
authorities are aware of the consequences of a disproportion in the physician workforce,
and put this issue on top of their political agendas (Ono et al., 2013). Notwithstand-
ing, shortages of physicians or a geographical maldistribution of health human resources
are still very common and affect all countries alike, from low- to high-income countries
(Labonte´ et al., 2015; Gauld and Horsburgh, 2015), suggesting that, despite the frequent
proclamations, no public policies have been enacted to address this issue or such policies
have been ineffective in achieving their goal.
Several factors originating from both the demand- and the supply-side may cause an
imbalance in the medical workforce (Amorim Lopes et al., 2015). Institutional and reg-
ulatory barriers, such as numerus clausus, licenses to practice or mandatory retirement
age; service delivery arrangements that may condition both the skill mix and the produc-
tivity of the health care workforce; non-controllable factors, such as mortality; changes
to demography, in particular to the size or age structure of the population; migration
flows; epidemiological needs; and many other factors may cause a change in the medical
workforce. Of all these factors, emigration is one of the most difficult to handle, as it
exerts an immediate influence on the supply of physicians.
Physicians are no different from other people, and emigrate with the purpose of being
better off (ex ante). The international migration literature lists a significant number of
“push” and “pull” factors that may act as stimuli to leave or attract one to other countries,
respectively. In the particular case of human resources for health, several authors have
identified critical factors (Clark et al., 2006; Ribeiro et al., 2014), for instance: inadequate
compensation, when compared to other sectoral wages, but also to wages in other coun-
tries; remuneration system not related to performance; heavy workloads; poor working
conditions; political instability; or unmet demand for medical education due to numerus
clausus or lack of residency positions are reasons frequently provided for wishing to move
abroad. Regardless of the working and living conditions in the home country, foreign
countries may also offer fringe benefits that may attract physicians. For instance, train-
ing opportunities; better compensation, in terms of wage differential; active recruitment;
or higher demand for health professionals.
In the case of an oversupply of medical doctors, emigration may actually act as a safety
valve in clearing the health labour market and minimizing the negative welfare impact
arising from unemployment. However, if there is a shortage in the medical workforce,
emigration aggravates the problem further. Actually, if it happens repeatedly, even small
numbers of physicians moving abroad may be responsible for large workforce variations
if no action is taken to mitigate it. Monte Carlo simulations run by Amorim Lopes
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et al. (2016) demonstrate that small variations in the emigration rate may cause large
variations in the workforce size, which may put the health system under severe pressure.
Although in some cases retention policies may exhibit a limited effect on dissuading
physicians from moving abroad (Hussey, 2007), empirical evidence seems to support the
view that some may actually work. For instance, Okeke (2014) found evidence that a
wage increase programme in Ghana reduced the foreign stock of Ghanaian physicians
by approximately 10%. The same conclusion was reached by Labonte´ et al. (2015),
who also found evidence from South Africa that wage incentives seem to work. In the
same line, Ortega and Peri (2009) estimated that an increase in the wage differential
between origin and destination countries of 1000 US $ increases the flow of migrants by
10-11%, with the corollary being that reducing the wage differential would decrease the
flow of migrants. On the opposite direction, Vujicic et al. (2004) found little correlation
between the supply of health care migrants and the wage differential between source and
destination countries, and suggests that wage differentials may be so large that a small
salary raise would produce little to not effect.
Theoretically, it is hard to argue against the role played by wages in the international
migration flows. Either when the physician is modelled as a rational utility-maximizer
agent that moves based on the wage differential, as it is commonly found in classic
theories, or when migration is taken as part of an investment in human capital, an
approach typically found in modern migration theories, the expected income is hardly
negligible (Bodvarsson and Van den Berg, 2013). Even if other less tangible factors, such
as working or living conditions, exert a bigger influence, there is theoretical ground to
assume that income, and therefore wages, is a relevant factor as well.
Wage incentives, framed within a suitable incentive system, may then be an adequate
way of targeting current physicians. Ono et al. (2014) points to this factor as a means to
respond to imbalances in the geographical distribution of physicians, but it applies also
to international migration. Overall, the authors identify three broad strategies available
to policymakers: (i) targeting current physicians by devising an incentive system, mostly
focused on financial incentives (a short-term strategy); (ii) targeting future physicians in
order to maximize the pool of physicians available to practice, which implies increasing
the number of qualified individuals (a long-term strategy, as earning a license to practice
is a decade-long effort); (iii) do with less, which means accepting the current levels and
optimizing the delivery of health care services to compensate for the lack of physicians.
Although it is quite clear by now that policy levers exist to mitigate the emigration
of physicians, it is not always the case that we can grasp the full extent of their impact.
In very flexible health labour markets featuring few rigidities and institutional barriers
one can use analytical tools, such as dynamic stochastic general equilibrium (DSGE)
models, to study the effects of such policies, contingent upon no severe nonlinearities being
present. Otherwise, the model loses tractability and it is very hard, if not impossible, to
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account for second-order effects, and in some cases to first-order effects also. In such cases,
the predictive power of the model is simply non-existent for setting policy (Bouchaud,
2008). In practice, some health labour markets can be extremely rigid, with uncertainty,
asymmetric information, barriers to entry and a quasi-monopsonistic employer causing
it to divert strongly from textbook Walrasian equilibrium. In fact, non-market clearing
and Pareto inefficiency is the rule and not the exception.
For a real-case example consider the Portuguese health system. It features many
rigidities: numerus clausus exist to limit access to medical schools, since education is
subsidized; residency training is also limited by the Medical Association, who decides
how many vacancies to open for each medical specialty; the health labour market con-
veys many features of a monopsony, with the government being by far the largest employer
and with restrictions to supply reducing the short-run elasticity of supply; pay for per-
formance is used seldom, with few incentives existing to adjust physicians’ wage levels
according to their productivity; wages in the public sector are very sticky, being fixed by
the government through collective bargaining; wages in the public sector put an“anchor”
on the salaries practiced by the private sector; the wage ceiling in the public system
caps the quantity of health care services supplied; very limited “freedom of choice” in
the public sector, with citizens unable to choose their family doctor; low access fees that
virtually have no impact on the demand for health care services; etc. On top of this,
Portugal features one of most rigid labour markets in the EU according to OECD (2013).
Despite not being suitable for a traditional analysis, studying emigration in an health
system so far away from theoretical competitive equilibrium models, evaluating and quan-
tifying potential retention policies and informing policymakers accordingly is still very
relevant. In the end, the apparatus should be able to answer the question of how policy-
makers should deal with physician emigration, although a one-size-fits-all optimal policy
is unlikely to exist. For this purpose we have developed a theoretical economy that repro-
duces all the traits of the Portuguese health system, calibrating it with real data. Using
this model we simulate the evolution of the health system and conduct policy experiments
to mitigate emigration, tracking the impact at the micro-level – at the level of detail of
a single agent. We play with three policy levers: adjusting numerus clausus, the number
of job offers to the public sector and physician wages, and we observe their impact on
the simulated economy, as well as first- and second-order effects.
To implement the model we resorted to agent-based computational economics (ACE),
as these models go beyond Walrasian equilibrium foundations, representative agents and
the assumption of market clearing (Colander et al., 2008). In a non-Walrasian health
labour market, as is most likely the case of Portugal for the reasons aforementioned,
an agent-based simulation model (ABM) is a very adequate tool for the problem at
hand. Despite not being ubiquitous, ABMs are gaining traction, and several authors are
advocating for its use (Farmer and Foley, 2009). Fagiolo and Roventini (2012) provides
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several examples of the use of ABM in modelling economics and policy, comparing it
to typical DSGE models. Neugart and Richiardi (2012) elaborates on the use of ABM
to analyse the labour market, while Dosi et al. (2010) documents a very interesting
application of ABM to devise a policy-friendly model that reproduces endogenous growth
and business cycles.
The remainder of this paper is organized as follows. Section 2 presents the economic
model and its components. Section 3 runs policy invariant simulations so as to obtain a
baseline scenario. Section 4 experiments with some policy levers, Section 5 discusses the
results and their implications and Section 6 concludes.
2 A model for physician emigration
Our simple economy features two types i of agents, physicians H and non-physicians L,
a publicly funded health care system run by the government and a private sector that
exists for accounting purposes only. The public sector is a highly regulated Beveridgean
national health system with salaries fixed by collective bargaining between unions and
the government. Given the size of the public sector, the wage level that results from the
negotiations anchors the salary paid in the private sector.
The aggregate supply of physicians SH is given by the current stock of physicians
already practicing plus the medical students about to join the profession and any foreign
doctors due to arrive in the future. We assume, and empirical data support this stance,
that the numerus clausus puts a limit on the supply of physicians, and that the number
of students willing to join medical school is higher than the cap imposed by the number
of vacancies.
We differentiate between potential and effective demand for healthcare services, where
by potential demand we imply demand effectively observed plus unmet needs. Due to the
restrictions imposed on the health labour market, such as a wage anchor and numerus
clausus, the quantity of healthcare services provided is below potential. In practice, this
results in care not delivered, usually observable in the guise of waiting lists and long
queues (Amorim Lopes et al., 2015). In this model, aggregate demand is assumed to be
exogenous and constant1.
2.1 Physicians
2.1.1 Life cycle
Before being allowed to practice, aspiring physicians have to join medical school in order
to earn a license. A physician has to go through the following stages in life, illustrated
1For an analysis of the impact of demography on the demand for health care services in Portugal refer
to Amorim Lopes et al. (2016).
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in Figure 1:
1. Enter medical school and complete the mandatory 6 years of studies
2. Upon earning the medical license, junior doctors have to do an admission exam and
join internship for a year before applying to a specialty residency
3. Junior doctors are ranked according to the grades obtained in the admission exam
and apply for a specialty residency; if unable to enrol in a residency program, the
doctor stays on hold until he can redo the exam and apply again the next year (in
most of the cases he can still practice as a clinician); depending on the specialty, it
may take between 3 and 6 years to complete
4. Upon graduating, physicians join the public or the private sector, switching between
the two at any time, and practice until retirement
5. Retire at around the retirement age.
Additionally, a medical student may drop out from medical school, and any physician
may emigrate or die at any time. The transition time between states is stochastic.
1
Med School
IAC
Specialty School
Graduation
Physician lifecycle
Training
Public Practice Private Practice
EmigratedWorkforce
Birth Dropout
18 years
Retired
No speciality
Mortality
Figure 1: The life cycle of a physician since joining medical school.
We explicitly model the different stages of a physician’s life cycle as they may influence
significantly the internal decision-making of a physician. For instance, anecdotal data
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suggests it is more likely for a physician to emigrate in case he was unable to enrol in the
specialty of his liking, or in case he is unemployed (Martins, 2015). In contrast, it is less
likely for a physician to emigrate when he is at an older age, closer to retirement. In this
way we can simulate precisely how external shocks and policy experiments unfold on our
model.
2.1.2 Migration decision-making
An individual emigrates in the expectation of being better off by doing so. Such decision
is similar to that of an investment – moving abroad entails an upfront cost, both financial
and psychological; an opportunity cost, which are the earnings forgone, fringe benefits
and family and friends left at the home country; and increased earnings or other fringe
benefits obtained in the foreign country. The benefits, but also some of the costs, accrue
over a period of time. This implies that the value of such wage and non-wage income and
costs is discounted over time. Such assumption is consistent with the fact that emigration
rates decline with age (DaVanzo, 1980).
To model the physician’s internal migration decision we borrow from the labour mi-
gration literature (Borjas, 2001; Maloney and Gonzalez, 2005). We extend the typical
definition by explicitly including the cost of being unemployed or unable to obtain a train-
ing place at a residency program, which we assume to be greater than the opportunity
cost of not earning an income. The lack of vacancies at university hospitals is known to
be one critical push factor in the health labour market, in particular mismatches between
preferences and specialties (Ribeiro et al., 2014). Taken together, physicians emigrate
according to the sign of the following index function:
I∗ = Uk − U − C + Z, (1)
where Uk is the utility of living in country k and U is the utility of living in the home
country. C represents the disutility arising from migration, caused by leaving family and
friends behind, and adapt to a new environment (Kennan and Walker, 2013). We model
it as an exponential function of age, in line with (DaVanzo, 1980). Z is the disutility of
being either unemployed or unable to enrol in a residency program.
The utility of either staying U or moving abroad Uk can not be determined empirically,
as stated preferences for all the population are impossible to be obtained. Therefore, we
can only observe the indirect utility V . Let V (Y ) be the indirect utility enjoyed by
individuals as a function of their post-tax income:
V (Y ) = Y α, (2)
with 0 < α < 1 to ensure the concavity of the value function, that is to say we assume
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diminishing marginal returns. Moreover, we also incorporate time preference based on
the assumption that people prefer present to future consumption, and therefore apply a
discount factor until retirement age R. We therefore compute the discrete present value
according to:
PV =
R∑
t=a
V (Y )
(1 + ρ)t , (3)
where ρ is the discount factor and a the physician’s age at the time of decision making. In
the migration literature it is common to also define working conditions, which include non-
wage job characteristics people may value, such as safety, lack of stress, prestige, housing
or transportation (Vujicic et al., 2004). We assume, without any loss of generality, there
is a monetary equivalent to the living conditions, and therefore wage and living conditions
are perfect substitutes.
All things considered, the model posits that the physician emigrates if, at any given
period t, I∗ in Equation 4 is greater than zero:
I∗ = PVk − PVi − C + Z. (4)
The probability of a physician emigrating is then given by:
Pr{I∗ > 0} = Pr{PVk − PVi − C + Z > 0}. (5)
If, at any time, I∗ > 0 is true for any physician, then the migration market is in
disequilibrium. In fact, the market will always be in disequilibrium until all physicians
searching for a job find a desirable match.
2.2 Health labour market
The health care labour market is not Walrasian, as too many frictions exist, preventing it
from clearing. In particular, we assume real wages are set below their equilibrium level,
structural unemployment for the sector does not exist and labour rationing is the rule.
These assumptions are far from being unrealistic in the case of Portugal. We assume the
aggregate demand for health labour D is exogenous and inelastic. The aggregate supply
SH is computed by running the ABM and obtaining the forecasts for the number of
physicians available for practice. Finally, market and institutional factors may influence
government decisions, but in the end the wage level is set by the government. We assume
it is given exogenously by the salary rate schedule currently in use.
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2.3 Migration market
We build a migration market by adapting a simplified version of Mortensen and Pis-
sarides (1999)’s model of search in the labor market. Typically, the wage-setting relation
establishes that wages equal the expected prices times a function of unemployment and
a catch-all variable that includes factors at play in the labour market. In this case, we
assume the wage-setting WS relation, or the supply of migrants curve, is a function of
the worker’s reservation wage, i.e. the minimum value such that
WS =
⋃
arg min
Wk
{I∗ = 0}. (6)
Alternatively stated, it is the minimum value that compensates for the costs of emigrating,
as defined previously:
WS =
⋃
arg min
Wk
{Vi + C + Z = Vk}. (7)
A change in the domestic wage causes a shift in the WS curve. If the salary increases
(decreases), the reservation wage increases (decreases) as well, and the WS curve shifts
to the left (right). Changes in foreign wages cause a move along the WS schedule. The
higher the wage proposal, the more physicians will be willing to emigrate. Additionally,
the unemployment rate indirectly affects the WS curve. The higher the unemployment
rate in the health labour market, the greater the disutility Z brought by unemployment,
which also causes a shift in the WS curve.
For the vacancy supply V S we assume it is exogenous. There is a constant stream
of job offers produced by a stochastic process, with each physician receiving one random
job offer per year. Foreign wages are sampled from a beta distribution, positively skewed,
fitting a typical income distribution:
VS =
⋃
Wk ∼ Beta(α, β). (8)
The interaction between the WS schedule (supply of migrants) and the VS schedule
(demand for migrants) is insufficient to determine the number of physicians that emi-
grate. The mechanism that matches physicians and job proposals is imperfect and time
consuming. Not all job proposals reach all physicians, and it may happen that a physician
never receives a job proposal above its reservation wage. The typical approach is to invoke
a matching function m = f(v, u), where v is the vacancy rate and u the unemployment
rate, which characterizes the aggregate meeting rate between employers and employees
and is derived from the Beveridge curve. Formally, the matching process is described as
a productive process, and modelled accordingly using a production function. We assume
random job offers arrive deterministically at a constant rate. Each physician receives one
9
job proposal per year, and the matching rate is equivalent to the probability of the value
of the job offer received by the physician to be above the value of his reservation wage. In
practice, and due to matching frictions, less physicians than the number the intersection
between WS and VS suggests actually emigrate.
2.4 Market interactions in the economy
When we combine all the individual blocks, more specifically the microeconomic foun-
dations behind migration decision-making, the health labor market and the migration
market, we obtain a small functioning economy. In this economy the migration decision,
and therefore the migration rate, is endogenous, but subject to the influence of policy
levers such as changes to the domestic wage. Increasing the domestic wage reduces the
incentives to emigrate, and decreasing it would generate the opposite effect. Furthermore,
an increase in the stock of physicians caused by a change in the numerus clausus will
affect the emigration levels, which is expected, but would also affect the growth rate of
the medical workforce. The intuition is that since specialty vacancies and job proposals
for joining the public sector are limited, more physicians will be awaiting for a spot.
Waiting influences positively the decision to emigrate through the mechanism described
before.
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Figure 2: The interaction between the health and the migration market.
Figure 2 depicts some of the interactions in the economy. On the left there is the
health labour market, where SH is the aggregate labour supply of physicians and D is
the demand for health care services, and on the right there is the migration market, which
results from the interaction between the wage-setting curve WS, defined implicitly by the
physicians’ reservation wage, and the vacancy supply curve VS, i.e. the aggregation of
all the foreign job proposals. Actual emigration levels are below the equilibrium point
due to matching frictions in the migration market.
These two markets are always in interaction, and a change in one causes a change in
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the other. For instance, the wage anchor wc puts a cap on the quantity of healthcare
services provided, and so the actual quantity provided is qc. Thus, it creates an hiatus
in demand, reducing the quantity of healthcare services provided by q∗ − qc units. But
the level of the domestic wage wc also influences the migration market by causing a shift
in the wage-setting curve WS, in this case from WS(w∗) to WS(wc). This increases the
number of potential migrants by mc−m∗. All things being equal, changes in the domestic
wage will affect the migration market by influencing the decision-making process and the
willingness to emigrate. The importance of this effect is considerable. Since wages in
the public sector are set by the government, it can be used as a policy lever. However,
increasing the wage bill puts an extra burden on public finances as well. Instead, if policy-
makers decide to increase the numerus clausus, and therefore the number of available
physicians, shifting the aggregate supply curve to the right, in the long run the number
of new entrants will increase. However, that also shifts the WS curve to the right,
implying that more people will emigrate also. Whether the wedge between the markets
compensates the increase in migrants will depend on the elasticity of emigration with
regards to wage. In the next two sections we will simulate the impact each type of policy
may have in a real life setting.
3 Simulation results
Due to the highly stochastic nature of the model, in particular the life cycle governing the
physician’s various stages of life and the several nonlinearities arising from the agents’
decision-making rules, it is not possible to obtain an analytical, closed-form solution.
Also, since the health labour market departs too much from Walrasian assumptions an
equilibrium is not attained, and therefore cannot to be computed.
We can, however, run computer simulations through the ABM to experiment with
policy levers and observe and quantify their impact on the economy. To clear away
any simulation variability we run Monte Carlo simulations, collecting the averages and
standard-error bands, a procedure typically followed when running agent-based compu-
tational economic models (Dosi et al., 2010).
We start by devising a baseline model calibrated to replicate the status quo of the
physician workforce. More specifically, we load the model with the active physicians work-
ing in the Portuguese health system, as well as the students attending medical school,
internship or residency. Parameters such as the drop out rate, mortality rate or the
numerus clausus are also fed into the model. Finally, the number of years until transi-
tioning to another state in the physician lifecycle is drawn from distributions obtained
empirically. Initial conditions and parameters used on the baseline model are presented
in Table 1.
Although no data exists to empirically estimate the V S distribution and remaining
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Table 1: Baseline parameters.
Description Symbol Value
Drop out rate 0.02∗
Mortality rate (life table) Qx p = Qx‡
Numerus clausus 1496∗
Residency vacancies 1637†
Job contracts (public sector) 1934†
Transition Med School to IAC (years) exp(γ, 1λ ,min,max) [0, 2, 6, 14]
Transition IAC to Specialty (years) exp(γ, 1λ ,min,max) [0, 0.4, 1, 2]
Transition Specialty to Graduated (years) exp(γ, 1λ ,min,max) [0, 1, duration, duration +6]
Retirement age R ∼ N(µ, σ) [63.10, 4.9]
Discount rate ρ 0.05
Utility function parameter α 1.05
Emigration cost C 0.53e0.0492age · Vi
VS distribution Beta(α, β) [1500, 16000]
VS distribution support [x, x] [0, 10]
∗Source: Ministry of Higher Education (DGEEC)
‡Source: National Institute of Statistics
†Source: Health System Central Administration (ACSS)
emigration parameters, such as the emigration cost or the shape of the utility function,
the parameters were calibrated so that the endogenous emigration rate obtained follows
the numbers claimed by the Portuguese medical association, i.e. a rate of between 100
and 200 physicians per year.
Running the baseline case we obtain the forecasts for an invariant policy scenario,
the case when no policy interventions take place, and thus every exogenous parameter
stays unaltered. Figure 3 shows how the different stocks of physicians evolve through the
planning horizon. In the initial ten years there is a decrease in the number of physicians
both in the public and in the private sector, which is expectable given the age structure
of the physician workforce, as a considerable number of physicians are in their 50s and
about to retire. This gets reflected on the high number of retirees in the first years
(Figure 3c). Furthermore, the number of graduates, i.e. physicians that have completed
residency training but have not yet joined either the public or the private sector, increases.
This suggests that the current number of contracts is insufficient to absorb all the new
graduates, and slack is created in the physician workforce (Figure 3b). Whether this
slack is an actual surplus depends on whether demand stays constant and there is no
shortage in the present. Previous studies suggest that due to the aging of the Portuguese
population, demand for health care services is likely to increase (Amorim Lopes et al.,
2016).
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Figure 3: Forecasts generated by ABM for the baseline case. On panel (a) we have the forecasts for
the aggregate supply of physicians, including interns and residents; on panel (b) the aggregate supply
decomposed into each stock; on panel (c) are each of the frictions affecting the aggregates; and on panel
(d) the number of emigrants and emigration rate.
Observing all the frictions affecting the health labour market (Figure 3c) we can
identify the main factors driving physicians out of the workforce. With the exception
of the number of retirements, which reflects the negatively skewed age structure of the
physician workforce, all the outflows are fairly constant. In particular, when we look
at the emigration rate we can observe a value varying between 0.25% and 0.35% of the
workforce. Likewise, the number of emigrants varied between 100 and 140 per year
(Figure 3d), in line with the values reported by the medical association.
As previously mentioned, stochasticity plays a major influence in the model. There-
fore, Monte Carlo simulations are needed to clear away any long tail statistical effects. In
Table 2 we report the averages and standard deviations of the number of emigrations and
of the resulting emigration rate as a percentage of the total workforce when the model is
run multiple times. Considering that no shocks hit the economy and the workforce size
remains relatively stable it comes at no surprise that the emigration rate stays relatively
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2016 2020 2025 2030 2035 2040 2045 2050
Emigration (N) 124 117 122 124 120 122 121 124
(13) (10) (10) (11) (11) (10) (11) (11)
Workforce size (N) 35131 34767 37111 38648 40366 41639 41886 41138
(43) (81) (81) (103) (94) (116) (122) (125)
Emigration rate 0.35% 0.34% 0.33% 0.32% 0.30% 0.29% 0.29% 0.30%
Table 2: Average of the number of migrants and for the emigration rate (as a percentage of the total
workforce size) for the forecasting horizon. Standard deviation for the Monte Carlo simulation runs
reported in parenthesis.
stable at 0.29%-0.38% for the whole horizon, averaging 0.34%, with the number of physi-
cians moving abroad ranging between 109 and 130, with an average of 120 (note that
Table 2 only reports values every five years, but the values are calculated for all periods).
Figure 4 provides a more detailed account of the emigrants in our simulated economy.
According to the simulations, most of the emigrants are either enrolled in a residency
program or have graduated, but have not yet been hired. Physicians already under a
contract either in the public or in the private sector represent a very small share (less
than 8%) of all departures. Not surprisingly, the average age of those leaving while on or
about to join residency training is around 30 years of age, while those that have already
completed all medical specializations are usually older.
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Figure 4: Age profile of the emigrants that have left during the simulation period (35 years).
We can obtain further information by looking at the migration market. Figure 5b
provides an overview of supply (V S schedule) and demand (WS schedule). The quantity
at which it reaches equilibrium is approximately 820 workers. However, due to mismatches
in the migration market (i.e. not all physicians have access to the same job openings) the
market does not clear, and the number of physicians that actually emigrate is considerably
below the equilibrium point, as reported in Table 2. Figure 5a provides the wage premium
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for all the physicians that have moved abroad in one particular year. In our simulated
economy half of the physicians that decide to emigrate do so for a wage differential equal
or less than 30%. Additionally, 14% of the migrants, or 624 physicians, would not have
emigrated had it not been for the burden of being unemployed (I∗ < 0 if Z = 0).
The model we have obtained accounts for a large number of empirical regularities
observed in the Portuguese health system: (i) the number of physicians emigrating falls
within the boundaries reported in the grey literature and by the medical association;
(ii) the average age at which physicians move abroad ranges between 25 and 40 years,
targeting especially young doctors (Gauld and Horsburgh, 2015); (iii) most of the physi-
cians that emigrate do so because they are not under a contract or could not join the
desired specialty. This suggests the model is robust enough to serve as a test bed to study
retention policies and obtain a qualitative measure of their impact. In the next section
we will experiment with some policy levers and observe the impact on the model.
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Figure 5: On the left panel we have the ratio of external wage to domestic wage for all migrants on a
random year. Half the migrants leave for a wage premium of less than 30%. On the right panel we can
observe the migration market in action, with the short-term V S schedule aggregating all the job offers
and the short-term WS schedule the reservation price of the physicians for a particular year.
4 Policy experiments
Barriers to entry and extensive regulation in the Portuguese health labour market make
it difficult, if not impossible, for it to automatically adjust from an imbalance. Even
if there is a clear sense that a shortage or a surplus of physicians exists, the size of
the workforce is still severely conditioned by the number of vacancies to medical school,
by the number of residency vacancies and by the number of job offers awarded by the
largest employer, the national health system. Arguing about the economic sense of these
market rigidities is necessary, but outside the scope of this work. We therefore assume
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government intervention through public policies is required to address an imbalance in
the Portuguese health labour market.
It is also assumed the main policy objective is to ensure a balanced workforce, with a
decrease in the emigration rate being a positive externality, but not a goal per se. Policies
targeting the physician workforce typically fall into one of two categories (McPake et al.,
2013): short-termed ones, producing immediate effects, such as raising wages, a salary
top-up or hiring foreign doctors; long-termed ones, such as expanding the numerus clausus
to medical school or increasing the number of job offers to the public sector. Regardless
of the time required to produce an effect, public policies are usually gauged in terms
of impact to either the level or the growth rate of income, or with regards to changes
in the income distribution arising from these interventions. Policies that decrease the
income level or rate, or increase inequality decrease social welfare. In the particular case
of physician emigration, policy makers may face additional dilemmas. Some policies may
help to tackle an imbalance in the physician workforce, but at the same time may also
increase inequality. Others, such as hiring foreign doctors, may cause an imbalance in
developing countries, as the ”brain drain” typically flows from developing to developed
countries (Clark et al., 2006). Theoretically, we can pin down the welfare impact of
each policy. In practice, however, computing the precise outcome requires knowing the
preferences of the population, which may not be feasible, and so the policy conclusions
are frequently ambiguous and surrounded by uncertainty. Notwithstanding the welfare
impact, each policy will have different first-order effects on the physician workforce. These
effects can be quantified by subjecting the ABM previously devised to changes in these
policy levers and observing the result in the workforce projections.
In this section we analyse the effect that three widely different policies exert on the
physician population, which are: (i) raising wages; (ii) increasing job offers to the public
sector; (iii) expanding numerus clausus to medical school2. A priori we can anticipate
that increasing numerus clausus will expand the physician workforce, with the emigration
rate increasing as well. Optionally, an increase in the number of contracts to the public
sector reduces the chance of emigration due to unemployment, but it lasts only until there
is a stock of graduates available. Finally, increasing wages has a positive effect both on
the workforce size and on the emigration rate. The potential negative effects, however,
are only visible through a welfare analysis, and will depend on whether there is a shortage
or surplus in the supply of physicians.
2We do not consider hiring foreign doctors for three reasons: first, the economic and social impact on
destination country is trivial to determine; second, we want to produce structural changes in the health
labour market, not having to rely on an exogenous and uncontrollable source of labour to mitigate
deficiencies in supply; third, the World Health Organization has established a code of conduct for the
international hiring of physicians, aware of the harm emigration may cause on source, especially poor,
countries.
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4.1 Increase wages
Raising wages is a typical employee retention strategy, working through the channel
described in Section 2.1.2. In any system governed by, even if partially, the laws of
supply and demand, increasing prices ought to increase the quantity supplied. In the
migration market increasing wages raises the utility of staying, and therefore reduces the
incentives for moving abroad.
In the case of a private hospital or any other private health care institution, raising
wages is a relatively straightforward managerial decision with costs and benefits, and
can be enacted within a very short period. In a publicly funded health care system with
collective bargaining and a workforce size of over 30 thousand physicians, increasing wages
may have wide financial and economic repercussions. Understanding such consequences
is critical for evaluating the adequacy of this policy.
The most immediate impact of increasing wages results from the fact that the govern-
ment, like any other economic agent, is subject to a budget constraint. In the particular
case of Portugal, to a very restrictive one. This means increasing public spending in one
sector of the economy implies, at least in theory, reducing spending on others. Therefore,
understanding the extent and impact on social welfare of such decision is critical.
There is one further nuance in our case study that complicates matters further. In
Portugal, college fees are subsidized. In the particular case of medicine, government covers
over 90% of the real cost in tuition fees. As a result, if a physician leaves the country
before practicing the return on investment is negative from the government perspective.
It has invested a substantial amount of resources in his or her education that could have
been allocated elsewhere. However, it is a sunk cost, and it should not weight on the
decisions to be taken henceforth. On the other hand, increasing wages has a direct cost
and may be an additional burden to the taxpayer, which may aggravate inequality further,
since physicians are already on the top end of the income distribution. In addition, this
could lead to a “contagion” effect on other public servants, who would also push for wages
increases.
We can simulate the impact of raising wages using the model. Not surprisingly, raising
wages should decrease the number of physicians deciding to move abroad, which it does.
Figure 6 provides an introductory overview of the effect raising wages by 5% has on the
migration market, and hence on the domestic health labour market. The most relevant
insight is the fact that a wage raise of 5% led to a decrease in the migration levels. This
effect accrues over time, in the end exhibiting a non-negligible effect on the workforce
numbers (cf. Figure 6b).
Looking in detail at Table 3 we can observe that, on average, the emigration rate de-
creases 0.09 p.p. when salaries are raised 5%. In absolute terms, there are approximately
30 physicians less emigrating per year, which corresponds to a decrease of approximately
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Figure 6: The effect on both the remaining physician workforce and on the number of emigrants of
raising wages versus increasing the number of contracts to the public sector.
25% when comparing to the baseline case reported in Table 2.
4.2 Increase the intakes to the public sector
Figure 4 reveals the typical profile of the emigrating physician. First in line come those
about to enter or that have already entered residency training. In second come the
graduates that have already completed their training, but have not yet joined either the
public or the private sector. This suggests that crafting a policy to retain these graduates
might also be an adequate option.
With a similar impact on the public budget and as an alternative to raising wages in
the public sector, we can also simulate the impact of increasing the number of job offers
to be awarded to graduates. We now adjust the number of contracts to the public sector
by calculating the number of physicians government can hire in alternative to raising
wages. In rough numbers, a 5% wage increase will cost approximately 45 million Euros
per year. Assuming an average yearly wage of 40 thousand Euros, government could offer
approximately 1125 contracts more.
Table 3 reports the impact this policy has on the supply of physicians. In comparison
to raising wages, it has two different effects. Firstly, it is not as effective in retaining
emigrants, as it targets graduates mainly. Secondly, it takes a longer time to produce an
effect on the medical workforce, which can be explained by the high number of graduates
waiting for a position. In fact, the policy becomes ineffective after the initial slack of
graduates is absorbed by the public sector, since the number of contracts awarded is
higher than the number of physicians graduating each year, and the main reason being
that access to medical school is limited by numerus clausus. Increasing the number of
vacancies to medical school could also be an alternative policy, to which we turn next.
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2016 2020 2025 2030 2035 2040 2045 2050
Raise wages by 5%
Emigration 92 86 90 92 88 91 92 91
∆ baseline -31 -32 -33 -32 -31 -32 -27 -35
(10) (9) (9) (9) (10) (10) (9) (10)
Workforce size 35147 34910 37413 39083 40969 42392 42741 42092
∆ baseline 16 143 302 435 603 753 856 954
(39) (75) (81) (90) (105) (123) (126) (120)
Emigration rate 0.26% 0.24% 0.24% 0.23% 0.22% 0.21% 0.21% 0.22%
∆ baseline p.p. -0.09 -0.09 -0.09 -0.09 -0.08 -0.08 -0.07 -0.09
Annual increase of 1125 contracts to the public sector
Emigration 125 110 108 104 96 99 90 98
∆ baseline 2 -7 -16 -19 -23 -24 -29 -28
(11) (10) (10) (11) (10) (9) (9) (11)
Workforce size 35126 34779 37230 38933 40843 42293 42697 42108
∆ baseline -5 12 119 285 477 654 811 970
(42) (76) (85) (95) (92) (96) (110) (113)
Emigration rate 0.35% 0.32% 0.29% 0.27% 0.24% 0.23% 0.21% 0.23%
∆ baseline p.p. 0 -0.02 -0.04 -0.05 -0.06 -0.06 -0.07 -0.07
Table 3: Monte Carlo simulation runs average of the number of migrants, the workforce size and the
emigration rate (as a percentage of the total workforce size). Standard deviations reported in parenthesis.
4.3 Increase numerus clausus
Increasing the numerus clausus, which acts as an effective barrier to entry in the health
labour market, is a completely different approach to the problem. Instead of reducing the
number of physicians willing to emigrate, the aim is to increase the workforce size so as
to compensate for the losses. Notwithstanding its direct impact on emigration, inability
to train and retain sufficient doctors may lead to an overdependence on foreign-trained
doctors or to an outright shortage (Bidwell et al., 2013). Very restrictive numerus clausus
may thus have a detrimental role on the size of the medical workforce.
As a matter of fact, the number of emigrants will most likely increase, albeit with the
growth of the workforce size absorbing the leaving physicians. A growth in the medical
workforce, notwithstanding the permanent losses to migration, has an additional benefit:
more health care services can be provided if necessary, which seems necessary given the
aging of the Portuguese population (Amorim Lopes et al., 2016). This is particularly
relevant in case there is a shortage in the physician workforce, i.e. HS < H∗.
To fully understand the effects in the health labour market we will increase the num-
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ber of vacancies to medical school using two different metrics: (i) by considering the
total number of physicians emigrating on the baseline scenario, which according to the
results reported on Table 2 equals 120 per year, on average; (ii) by considering the num-
ber of physicians that have decided not to emigrate after the wage raise, which equals
approximately 30, so that we can compare policies.
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Figure 7: The effect of increasing the numerus clausus on both the remaining physician workforce and
on the number of emigrants.
Overall, results presented in Figure 7 clearly indicate that increases in the numerus
clausus bring changes to the physician workforce, helping to curb the alleged problem
created by emigration. However, these changes take time to produce an effect, as med-
ical students take 10 years, on average, to complete their specialized medical training.
Therefore, this is a policy targeting the medium to long-term, but ineffective at solving
short-term shortages. This is particularly noticeable in Figure 7b.
Results reported on Table 4 confirm some of the effects we predicted a priori: first, the
workforce expands; second, the emigration rate does not decrease, and it actually grows,
an expected consequence of the workforce expansion. Put differently, the emigration rate
grows more than the growth rate of the workforce. Before addressing the actual numbers
it is relevant to add that an increasing emigration rate is not necessarily adverse, unless
the policy objective is to reduce emigration. Instead, if keeping a balanced physician
workforce is the main goal, then changes to emigration levels are an acceptable outcome,
regardless of the instrument used.
When numerus clausus are expanded to compensate for approximately all the physi-
cians that emigrate in the baseline scenario, the workforce expands considerably. From a
starting point of approximately 35 thousand physicians, the physician workforce expands
to 43.5 thousand physicians by 2050 due to the additional inflows to medical college. As a
result, the workforce expands by 2358 physicians with regards to the baseline projections,
a 23% increase compared to the initial size observed in 2015, but only a 5.7% marginal
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2016 2020 2025 2030 2035 2040 2045 2050
Increase numerus clausus by 125
Emigration 124 120 130 135 138 143 139 146
∆ baseline 2 3 6 11 19 20 20 20
(12) (11) (12) (12) (13) (12) (10) (14)
Workforce size 35123 34771 37255 39186 41304 43002 43713 43496
∆ baseline -8 3 144 539 938 1363 1827 2358
(43) (81) (78) (96) (104) (111) (114) (137)
Emigration rate 0.35% 0.34% 0.35% 0.34% 0.34% 0.33% 0.32% 0.34%
∆ baseline p.p. 0.01 0.00 0.02 0.02 0.04 0.04 0.04 0.04
Increase numerus clausus by 30
Emigration 124 119 126 131 129 134 132 136
∆ baseline 2 2 3 8 9 11 13 10
(12) (12) (10) (9) (11) (12) (11) (12)
Workforce size 35128 34772 37138 38732 40537 41936 42348 41826
∆ baseline -3 5 27 84 172 297 462 688
(43) (81) (78) (96) (104) (111) (114) (137)
Emigration rate 0.35% 0.34% 0.34% 0.34% 0.32% 0.32% 0.31% 0.32%
∆ baseline p.p. 0 0 0.01 0.02 0.02 0.03 0.02 0.02
Table 4: Monte Carlo simulation runs average of the number of migrants, the workforce size and the
emigration rate (as a percentage of the total workforce size). Standard deviations reported in parenthesis.
increase when compared to the baseline (cf. Table 2).
A less expressive increase of 30 vacancies, bringing the total number of students intakes
to 1526 per year, produces an overall increase in the workforce of about 688 physicians by
2050, a marginal increase of approximately 1.6% when compared to the baseline scenario
(see Table 2 - Workforce in 2050 vs Table 4 - Workforce in 2050). The increase in the
emigration rate is also small, exceeding no more than 2 basis points.
5 Discussion
In the illustration presented here, all the policies devised are capable of counterbalancing,
at least partially, the outflows in the physician workforce as a result of emigration. Table
5 provides an overview of the policies impact, measured against the forecast for the
baseline scenario (described in Section 3). In case of a salary raise, the workforce growth
rate increases 2.31% vis-a`-vis the projected growth rate for the baseline scenario. As a
side-effect, this policy is also capable of reducing the number of physicians that emigrate
by approximately 1086. Considering that in the baseline scenario 4027 physicians are
expected to emigrate until 2050, this accrues to a very significant 25% decline. In rough
numbers, we expect this policy to cost approximately 45 million Euros per year.
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Table 5: Relative impact of the different policies and approximate budget cost for enacting the policy.
Scenario description Policy impact a Approx. yearly
cost (Me)
∆ to total loss
from emigration
Emigrants Workforce
5% salary raise -25.81% 2.31% 45 -1086
Hire more 1125 physicians -15.92% 1.27% 45 -670
Increase numerus clausus by 125 10.88% 5.73% 1.5 458
Increase numerus clausus by 30 6.77% 1.67% 0.36 285
aPolicy impact of policy z is calculated as both the relative change in emigration and in the workforce
with regards to the baseline scenario, (Pz − P )/P .
We also experimented with increasing the number of job offers to the public sector,
adjusting the openings to a number not surpassing the cost of the previous policy. This
policy also mitigates emigration and expands the medical workforce, although at a smaller
rate. Emigration rate declines -15.92% and the workforce size sees an increase of 1.27%
(already accounting for the physicians that have moved abroad). When measured strictly
in terms of first-order effects to the supply of physicians, a salary raise may be more
effective, in the sense that it produces immediate effects.
These first two policies are clearly tailored for the short-term, but are unable to
properly address the problem if there is a structural shortage in the supply of physicians
due to barriers to entry. One such case is numerus clausus, effectively putting a limit
on the number of students that can enrol in medical school. We analyzed the impact
of increasing numerus clausus as an alternative or as a complement to raising wages
or increasing job offers. In the first case we increase the number of entries to equal
the number of physicians no longer emigrating as a result of the wage increase, while
in the second scenario we increase it to the point it completely offsets (ex ante) the
number of physicians emigrating. As a result, the workforce size expands by 5.73% and
1.67%, respectively. The policy is effective at increasing the workforce size, but unable
to mitigate the emigration rate, which increases. Considering that the policy-maker’s
primary goal is to ensure the workforce is balanced, such side effect is not necessarily
negative. Otherwise, it would actually defeat the purpose, considering that, according to
the results, the more the numerus clausus are increased, the more likely the emigration
rate is set to increase3.
This type of policy is considerably cheaper for the taxpayer’s purse. On average, a
medical student costs approximately 13 thousand Euros in tuition fees per year, with
roughly 1 thousand being paid out-of-pocket. Increasing entries to medical school by 125
3One note is due: we do not account for students that are unable to enter medical college as emigrants.
Anecdotal evidence suggests that a non-negligible number of students end up moving to another country
so as to pursue their training in medicine. Accounting for these students could also provide a different,
brighter picture regarding emigration numbers. However, no official records exists.
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would then cost to the public purse some additional 1.5 million Euros per year. We are
assuming universities are operating below their full potential, and therefore room exists
to accommodate for an increase in the number of students without having to invest and
expand fixed costs (i.e. build additional rooms, etc.). Under this scenario it is significantly
cheaper to increase numerus clausus, although welfare effects may also arise, as noted
previously. However, if this policy is not accompanied by an increase in the number of
positions to the public sector, slack may be created in the physician workforce, which
may ultimately lead to unemployment. This would aggravate both the social and the
economic cost.
Wage elasticiticies
Running a sensitivity analysis and varying the amount by which the salary is raised
allows us to run a linear regression to estimate the elasticity coefficients of physician
emigration with respect to wage. In our real-case example, we obtain an emigration
elasticity of approximately -5 with respect to wage, implying that a marginal wage raise
of 1% would decrease emigration by 5%. Such elasticity is extremely high compared to
the value obtained by Okeke (2014) on his applied study to Ghana, where the author
finds elasticities between -0.06 and -0.13. Unfortunately, to the best of our knowledge
no further empirical studies exploiting the relationship between physician wages and
emigration exist. Furthermore, when looking in detail at the results of the simulated
migration market, we see that half of the physicians that move abroad do so for a wage
differential of less than 30% (Figure 5a). This number is apparently low, as one would
expect most of the migrants to emigrate for considerably higher wage differentials. This
may suggest that other factors, such as being unemployed on unable to enrol in a specialty,
play a bigger role than initially expected.
We raise three hypothesis to explain this apparent contradiction: (i) physicians are
a very special case in the labour migration market; (ii) the utility functions and the VS
curve are not calibrated properly; (iii) the number of emigrants reported by the institu-
tions are not correct, which would induce the parameters to be erroneously calibrated.
Note that there are no public records regarding the number of physicians that actually
emigrate, only of those that request a medical practice certificate so they can practice
abroad. Such request does not imply that they actually move abroad.
This is a limitation of the present study which we cannot address as of now, since no
data exists to calibrate either the utility functions of physicians or the job offers they have
received in the past. An empirical estimation of the physician migration market would
be a very interesting addition to this work. We hope future research develops further and
extends the model hereby presented, and can become a mainstream tool for conducting
policy analysis.
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6 Conclusion
This paper presents a simple yet powerful economic model for studying physician emi-
gration, its impact on the supply of physicians and overall welfare implications. Using
simulation we established grounds for the case that emigration may be a risk to a bal-
anced physician workforce, potentially affecting the capacity of the health system to
deliver health care services to a needing population. If that is the case, it is important
to have a theoretical framework policy-makers can use to estimate the impact of public
policies on any market, regardless of its idiosyncrasies.
The most innovative contribution of this work rests on the model being capable of
predicting, in quantitative terms, the effects different policies exert on the supply of
physicians and on the physician migration in a real-case setting that drifts too far from
typical Walrasian conditions. The health system under study has too many rigidities,
barriers to entry and regulations to be accurately represented through the lens of general
equilibrium, and therefore we cannot rely on an analytical representation of the system.
Hence, the model was implemented using agent-based simulation and calibrated using
data from the Portuguese health system. ACE and ABM in particular are very powerful
tools for implementing microeconomic foundations and then observing the impact on
macro aggregates.
We illustrate the effect of typical short- and long-term retention policies on the Por-
tuguese physician workforce. Using the model conceived we have shown that all policies
are capable of expanding the medical workforce, in this way mitigating the effects of
emigration. However, they incur widely different effects and costs. Salary raises and
increased opportunities for joining the public sector were shown to increase the retention
rate (with the emigration rate decreasing pari passu) and the size of the workforce, while
raising the numerus clausus increased emigration, but this effect is partially offset in our
results, as the policy also contributes to the growth of the medical workforce. If the
policy-makers’ top priority is to rebalance the workforce, an increase in the emigration
rate may be an acceptable side-effect. Otherwise, policies that increase the workforce
and decrease the migration rate would be more adequate. Such policies may present a
significant cost to the public purse, though.
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Abstract
With rising healthcare costs, using health personnel and resources efficiently and
effectively is critical. International cross-country and simple worker-to-popula-
tion ratio comparisons are frequently used for improving the efficiency of health
systems, planning of health human resources and guiding policy changes. These
comparisons are made between countries typically of the same continental
region. However, if used imprudently, inconsistencies arising from frail compar-
isons of health systems may outweigh the positive benefits brought by new
policy insights. In this work, we propose a different approach to international
health system comparisons. We present a methodology to group similar
countries in terms of mortality, morbidity, utilisation levels, and human and
physical resources, which are all factors that influence health gains. Instead of
constructing an absolute rank or comparing against the average, the method
finds countries that share similar ground, upon which more reliable comparisons
can then be conducted, including performance analysis. We apply this metho-
dology using data from the World Health Organization’s Health for All database,
and we present some interesting empirical relationships between indicators that
may provide new insights into how such information can be used to promote
better healthcare planning and policy guidance.
Keywords: health systems; comparative analysis; data mining; clustering analysis; health
policy
Introduction
Healthcare costs have increased sharply over the years, well above the
average growth rate of the GDP (Chandra et al, 2013). The immediate impact
is a decrease in the real income of the population, reducing the disposable
income available for other living expenses (Auerbach & Kellermann, 2011).
Wealthier countries may be able to accommodate such increases but others
may be confronted with the sensitive situation of having to opt between
drugs and treatments based on their cost, and not on their clinical merits
alone. In the worst-case scenario, no treatment is offered at all, or rationing
is imposed through waiting lists. In order to avoid facing such dilemmas,
policy-makers must strive to manage healthcare resources efficiently, both
physical and human.
Health human resources (HHR) planning has been identified as a funda-
mental tool for mitigating rampant healthcare costs while preserving the
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quantity and quality of service provided (Dreesch, 2005).
Briefly defined, HHR planning consists in assessing the
right number of people with the right skills, in the
right place at the right time, to provide the right services
to the right people (Birch, 2002). There are multiple
approaches to HHR planning, each with its advantages
and drawbacks (Amorim Lopes et al, 2015). Benchmarking,
simple worker-to-population comparisons and other com-
parative analysis techniques are approaches frequently
used to draw international comparisons between health-
care systems, including assessing HHR needs. The techni-
ques consist of identifying similar regions or countries in
terms of demographic and epidemiological profiles but
differing sharply in the cost structure and resource alloca-
tion (Roberfroid et al, 2009).
Although benchmarking and other comparative ana-
lyses may be useful tools to assess and compare health
systems, including HHR resources, imprudent use may
take its toll. For example, consider the decision by the
British National Health Service to increase the intake to
medical schools by 60%, a resolution motivated by the
observation that the physician-to-population ratio was
low in comparison with other OECD countries (Bloor
et al, 2006). The policy was adopted without first evaluat-
ing for other criteria that may affect the performance of
the medical staff, namely the skill mix and the productiv-
ity of HHR. Subsequent research justified the lower ratio of
physicians with a better distribution of the skill mix and
increased productivity resulting from a more efficient
task delegation (Bloor & Maynard, 2003). Health system
performance comparisons and composite indices have also
been subject to heavy criticism, in part due to some
methodological fragilities (Richardson et al, 2003).
Provided that a valid methodology is used to support
cross-country comparisons, comparative analyses may
continue to be an easy and straightforward way of gaining
quick insight into the health system performance of a
country by observing the best practices, especially when
few data exist to conduct more advanced analyses (Castelli
et al, 2011). There are performance profiles and typological
classifications of health systems in the literature that
identify countries with similar systems (for a review of
typologies of health systems, see Burau & Blank, 2006).
Previous studies have mapped European healthcare sys-
tems according to a subset of indicators on healthcare
expenditure, healthcare financing, healthcare provision
and institutional characteristics, and then establishing
a relative performance index between groups (Wendt,
2009). In other studies, several other dimensions, such as
acquisition of human, financial, technological or material
resources, health outcomes, risk factors or equity of access
to healthcare were used to elaborate an absolute perfor-
mance index, which is then used to group countries
according to their performance profiles (Tchouaket et al,
2012). International comparisons have also been con-
ducted using non-parametric techniques like Data Envel-
opment Analysis (DEA) (Bhat, 2005), techniques typically
used for micro-level service efficiency measurements, such
as hospital units. DEA measures the efficiency of health
systems by calculating the ratio between health outcomes
and healthcare spending.
In this work, we propose a new methodology to perform
cross-country comparisons. As an alternative to construct-
ing composite indices or absolute performance rankings,
we start by creating clusters of countries that have similar
results in several reference indicators, including those
usually associated with demand for healthcare services
(mortality and morbidity-based indicators, and utilisa-
tion statistics), and with the supply of healthcare services
(physical and human resources available). This allows for
intra- and inter-group local comparisons, avoiding attrac-
tive and yet inconclusive global performance rankings of
substantially different health systems that have generated
discord (Richardson et al, 2003), if not outright criticism
(Bronnum-Hansen, 2014).
We then apply the method to data from the World
Health Organization’s (WHO) Health for All database
(HFA-DB). Clusters are generated for each indicator and
then intersected against each other to obtain groups of
countries with similar features in more than one dimen-
sion. With this bottom-up methodology, future research
using benchmarking or DEA can build upon a reliable basis
of countries exhibiting similar trends in parts of their
health systems. These indicators can then be used within
HHR planning models, or any other area of healthcare
planning and health policy, to improve the forecasts and
projections to assist decision and policy-makers.
The remainder of this paper is organised as follows: in
the next section we describe the methodology proposed,
and after that we apply that methodology to WHO’s
HFA-DB database and present the results. A discussion of
the results and some empirical insights are provided in the
subsequent section. Finally, the last section concludes this
paper with a brief summary and future research topics.
Methodology
Our methodology consists of grouping countries that are
similar to each other in different dimensions of a health
system. In this particular case, we consider the following:
mortality-based indicators, morbidity-based indicators,
utilisation indicators, physical resources and human
resources. We then analyse which countries feature in the
same cluster in more than one dimension, which makes it
possible to generate a similarity matrix. Comparisons and
cross-country performance analyses can then be con-
ducted within the cluster, comparing countries with the
local benchmark serving as a reference, or between clus-
ters. By deliberately narrowing the scope, we ensure that
cross-country comparisons are performed between coun-
tries with similar characteristics.
We use a sample of the WHO’s HFA-DB, targeting
countries belonging to the European Union, as European
countries share common ground and have health systems
that derive from either Bismarckian (i.e. social health
insurance) or Beveredgian (i.e. publicly funded national
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health service) models (Wendt et al, 2009). Notwithstand-
ing, this study can be applied interchangeably to any set of
countries provided that data are available.
Data sources
The main source of data was the HFA-DB, last updated
in April 2014. This database contains a selection of core
health statistics covering basic demographics, health
status, health determinants and risk factors, healthcare
resources, utilisation and expenditure in the 53 countries
in the WHO European Region (Europe W.R.O.F.). The data
are compiled from various sources, including WHO’s and
United Nations’ European delegation offices, OECD and
Eurostat.
Selection of indicators
For this study, we have selected indicators that characterise
supply of and demand for healthcare services. Also, since
utilisation indicators may reflect both the delivery of
healthcare services (supply) and the demand for health-
care services, we have a separate category with indicators
of healthcare utilisation. These indicators are also typically
used to assess input/output and outcome in efficiency
studies. On the demand side, we have selected mortality-
based, morbidity-based and healthcare utilisation indica-
tors. These indicators are sometimes also used as indicators
to measure output efficiency (Varabyova & Schreyögg,
2013). For the supply side, we resorted to healthcare
resources, both physical and human, also commonly used
as proxies to measure input efficiency. These indicators
were selected due to the availability of data, and also
because they share a list of desirable features: valid, com-
municable, effective, reliable, objective, available, contex-
tual, attributable, interpretable, comparable, remediable
and repeatable (Pringle et al, 2002). This is critical for any
subsequent expert validation of the clusters formed.
On the demand-side, mortality-based indicators are
provided as Standardised Death Rates (SDRs) by group of
disease defined by International Classification of Diseases
codes. Morbidity-based indicators describe the general
health status of a population and incidence of diseases.
Due to the significant amount of unreported data regard-
ing these indicators, we resorted to hospital discharges by
disease type as a proxy to health status (incidence and
prevalence data were incomplete for a large number of
countries). Finally, we also include the available sample
of healthcare utilisation statistics, measured in terms of
bed occupancy rate, inpatient care discharges and average
length of stay.
On the supply-side, the selection includes indicators
that describe both the physical and human resources
available. Physical resources are both the hospitals and
their capacity, measured in terms of number of beds
available. HHR are accounted for by the number of
health professionals (we consider only physicians, nurses,
dentists and midwives).
Data treatment, standardisation and aggregation
The HFA-DB reports values to 2013. In some instances,
data from 2013 were unavailable. In such cases, one of
three procedures was followed: (1) if a clear linear trend
could be found, a linear regression was run to estimate
the missing value; (2) if no trend line exists, data from
previous years were used up to 3 years back; (3) if a
considerable amount of countries did not report the data,
the indicator was excluded from the analysis.
Thereafter, we run a multicollinearity bivariate analysis
to identify correlated indicators. If no action is taken to
fix multicollinearity, an overrepresentation of a particular
dimension may occur, thereby potentially biasing the
cluster formation (Ketchen & Shook, 1996). The literature
reports no unique upper bound, but rather a range of
satisfactory values for the correlation coefficient (Hair,
2013). Since we do not have a large enough sample to
accurately estimate the correlation coefficients, we define
the cut-off point for indicators as those exhibiting a
correlation coefficient equal to or greater than 0.85. Statis-
tical significance was set to a global level of
P≤0.05 (2-tailed distribution). To select the indicator
to be retained, we take one of two possible actions: if one
indicator encompasses the other, we select the most
complete one; otherwise, we select the indicator that best
differentiates countries by choosing the one with the
highest coefficient of variation.
Data standardisation was applied on a case-by-case basis.
In some instances, maintaining the absolute difference
between indicators was intentional and useful. For
example, it is relevant to retain the difference between
the numbers of SDRs caused by different diseases, as the
impact on the healthcare system will be notably different
(although it may not be in a linear way as different diseases
put different levels of stress on the system). In contrast,
indicators using different measurement units require scal-
ing to remove the effect of different scales. For instance,
the number of hospitals and the number of hospital beds
cannot be compared directly. To remove this effect a scale
change is used.
It should be noted that the distortion caused by the age
composition of a given population is already removed
from indicators measured in SDRs. For this reason, no
further action is required to standardise data.
Finally, and whenever appropriate, data were aggregated
by summing the indicators. For instance, the SDRs caused
by each group of diseases were summed to a grand total.
Similarly, the number of hospital dispatches by group of
diseases was also added up. This allows for a direct com-
parison between mortality and morbidity levels between
groups of countries. The methodology adopted is sum-
marised in Figure 1.
Clustering algorithm
We employ a two-stage clustering algorithm to group
similar countries in each indicator. The first stage is
exploratory. We apply an agglomerative Hierarchical
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Clustering Algorithm (HCA) with Ward’s method (Everitt
et al, 2001) with a squared Euclidean distance to analyse
possible cluster formations and then decide on the num-
ber of clusters. The second stage is explanatory. We use
the cluster centres defined previously using HCA with
Ward’s method, and run a k-means algorithm to obtain
descriptive statistics about the clusters, including an
ANOVA table detailing which indicators were more rele-
vant in grouping the countries.
In more detail, the first stage is an iterative process.
Initially, each country is part of one single cluster.
An agglomerative HCA procedure is then applied for
merging clusters. Very similar clusters are combined. Simi-
larity is measured in terms of distance, and there are
several ways of calculating this distance. Single linkage
calculates the shortest distance between any two members
in the two clusters. Complete linkage looks for the longest
distance between any two members. Average linkage and
centroid are also common approaches, but since the
dataset does not include outliers, we resort to Ward’s
method. In this procedure, the single clusters are merged
if the merger results in the minimum merging cost, with
merging cost being defined as the increase in the sum of
squared errors. This procedure favours the formation of a
cluster with very similar members. The result of this
process is a distance matrix between clusters that can be
used to draw a dendrogram. Dendrograms are tree dia-
grams used to illustrate the arrangement of clusters. The
size of the branches is a meaningful measure, depicting the
distance between clusters, and the further apart, the
greater the heterogeneity between clusters. A decisive step
in the clustering process is defining the right number of
clusters. Again, the dendrogram provides relevant infor-
mation to assist in this decision. Optionally, a scree plot
can be used, which is in fact another way of representing
the same information, exposing the distance within clus-
ters as a new cluster is added.We are interested in a distinct
break (elbow), after which the creation of one additional
cluster does not create a significant distinction.
The second stage consists of running a k-means parti-
tioning method based on the number of clusters and
cluster centres previously obtained. k-means is a non-
hierarchical procedure that does not require calculating
distances. The aim of the procedure is to obtain descriptive
statistics to assist in explaining the cluster formations.
k-means will form k clusters using the cluster centres
defined previously using the scree plot, by finding the
point where the inclusion of an additional cluster does not
significantly increase heterogeneity. This procedure will
then originate the final cluster formations, and also an
ANOVA table with F-tests for each indicator.
Validation and interpretation
The final step consists of validating and interpreting
the clusters. External validation consists of comparing the
clusters with the true partition, which in this case cannot
be known a priori. Internal validation, on the other hand,
deals with the intrinsic properties of the dataset regardless
of any external information, and is captured through the
descriptive statistical information provided by k-means.
To make this process more robust, we also visually inspect
the correlations of the two most significant indicators.
To interpret the results we need to understand what
binds members together but also what separates them.
To do so, we examine the cluster centroids, which are the
clustering variables’ average values for all countries in
a given cluster. To help understand which indicators
Five main groups of
indicators from HFA-DB 
Multicollinearity analysis
(bivariate correlations) 
Indicators are correlated Indicators are not correlated
Estimation of missing
values 
If indicators are
hierarchically linked, the
top-level one is selected  
If not, the one with the
highest coefficient of
variance is selected  
If time-series are linearly 
correlated, unknown value 
is extrapolated  
If not, data from the last 
available year is used (up to 
3 years back)
Final set for each group of 
indicators
Otherwise, indicator 
excluded from analysis
Figure 1 Methodology adopted for obtaining the final selection of indicators to be used for clustering countries.
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maximise intra-cluster similarity, we resort to a one-way
ANOVA table that calculates F-tests for each variable.
We want to test whether the clustering variables’ means
differ significantly across at least two of the k segments
(where k is the number of clusters selected). Unless the null
hypothesis is rejected, the indicator was relevant in the
cluster formation. Besides validating the procedure, this is
also a way of understanding the results obtained.
Results
In this section we apply the two-stage clustering algorithm
to the five groups of indicators, namely: mortality-based,
morbidity-based, utilisation, physical and human resources
indicators. With the clusters formed based on each set of
indicators, we validate and analyse the results obtained.
Each step of the methodology followed is described
thoroughly.
Demand-based indicators
Demand for healthcare services can be assessed in two
conceptually different ways (Castelli et al, 2011). Effective
demand measures health care delivered. Utilisation indica-
tors are commonly used as proxies to estimate effective
demand. Alternatively, medical needs are assessed based
on the epidemiological conditions of the population, and
then translated into a given quantity of healthcare services
necessary to meet those needs (for an example see Harper
et al, 2010). Since not all the needs may turn into actual
demand due to financial constraints or lack of hospital
room capacity, this is also referred to as potential demand.
These concepts need not to be used separately, and can
actually be combined. Utilisation indicators provide cur-
rent usage levels, whereas health and disease patterns of
the population may reflect unmet or future care needs.
This is especially relevant in countries with extensive
waiting lists, where healthcare services are being delayed
due to lack of capacity.
HFA-DB provides both indicators for measuring
potential demand (morbidity-based indicators) and for
measuring effective demand (mortality-based and utilisa-
tion indicators). Our analysis targets both types of indica-
tors. Note that these indicators are also commonly used to
measure the level of output of health systems (Varabyova
& Schreyögg, 2013).
Mortality
Selection of indicators Concerning mortality-based indica-
tors, HFA-DB contains both actual death rates per age
cohort, and SDRs that cross-reference the medical cause of
death. We have focused exclusively on the disease-specific
mortality indicators rather than on the crude death statis-
tics, as the former carry more explanatory power. There
were no missing values in the data collected, therefore no
estimation technique had to be applied.
Data treatment, standardisation and aggregation Regarding
collinearity, and considering that the list of mortality-
based indicators contains both groups and subgroups of
diseases, and groups of diseases aggregate the data of
subgroups, it follows that indicators belonging to the same
taxonomical group will naturally exhibit a strong correla-
tion. For instance, the indicator that reports deaths caused
by diabetes, ‘SDR, diabetes’, will most probably correlate to
the indicator that encompasses this type of disease, ‘SDR,
endocrine, nutritional and metabolic diseases’. Likewise,
‘SDR, cancer of the cervix uteri’ will probably correlate to
with a general indicator on the incidence of cancer, ‘SDR,
malignant neoplasms’. We have addressed this potential
source of multicollinearity by choosing only the top-level
indicators that represent the groups and already account
for the subgroups.
Notwithstanding this case, multicollinearity may still
occur. To mitigate this, we also ran a bivariate analysis on
the pre-selected list of SDRs. As expected, risk-factor indi-
cators such as ‘SDR, selected alcohol-related causes’ and
‘SDR, selected smoking-related causes’ are highly corre-
lated to other SDRs, thus were removed. For the remaining
variables, and given that a degree of correlation between
diseases is in fact a standard medical occurrence (Jeon et al,
2005; Li et al, 2014), we set the absolute correlation
threshold to a value close to the upper bound typically
found in the literature (Dormann et al, 2013). For this case,
none were removed. After applying the aforementioned
procedure we obtain the list of indicators shown in Table 4.
Since SDRs are already partly standardised by age dis-
tribution and by one hundred thousand people, no stan-
dardisation techniques had to be applied. Moreover,
scaling is also not applied, since the SDR indicators all
report the number of deaths, and absolute differences
between indicators are relevant, representing the relative
impact each disease may put on the health system.
Clustering algorithm Next, we apply HCA using Ward’s
method. In Figure A1 (Appendix) we present the resulting
dendrogram. In this particular case, it is immediate to
see a notable separation between two large groups. One
side features Western Europe countries; the other features
countries from Eastern Europe, and the data are consistent
with well-known economic differences. On average, East-
ern European countries perform worse in all mortality
indicators.
Of the two initial groups, further separation can be
found one level down the tree. Although not as significant
as before (note the horizontal distance between the
branches), it is still relevant. The two major clusters
composed of Eastern European and Western European
countries exhibit the largest distance. Nevertheless, given
the high level of heterogeneity within these two clusters, a
better grouping can be obtained if we further split into two
more clusters, thus increasing the homogeneity within
the cluster and increasing the distance between clusters.
Henceforth, introducing additional clusters marginally
increases the distance, implying that most heterogeneity
has already been explored. The scree plot, represented in
Figure A2 (Appendix), reinforces this indication.
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With a pre-established number of clusters, we can now
apply k-means clustering with the centroids (cluster cen-
tres) obtained with the HCA, and use the ANOVA statis-
tical information to understand which indicators were
most relevant in maximising intra-group similarity while
minimising inter-group similarity. Running k-means for
k=4, we obtain four final clusters (Tables 1 and 2).
Validation and interpretation Table 5 provides detailed
information on the statistical significance tests for each
variable. With a significance level below 0.001, ‘SDR,
diseases of circulatory systems’ had the largest impact on
the definition of cluster centroids, followed by ‘SDR,
diseases of digestive system’, and ‘SDR, malignant neo-
plasms’. With a smaller significance but still below the
significance threshold, ‘SDR, motor vehicle traffic acci-
dents’ and ‘SDR, mental disorders, diseases of nervous
system and sense organs’ were also relevant when generat-
ing the clusters (Table 3).
After determining the indicators that most contributed
to form the cluster centres, it is possible to obtain several
indicators in a single scatter plot, such as the most relevant
SDRs, clusters and countries. Figure 2 is then useful to
understand with visual guidance how the clusters were
formed. Distance between points reflects intra-member
dissimilarity, which is common to most clustering algo-
rithms, including Ward’s. In fact, the more homogeneous
the members are, the most likely is the chance of them
featuring together in a single cluster.
The separation between the two main groups featuring
Western and Eastern European countries, quite evident in
the dendrogram of Figure A1 (Appendix), is then explained
by ‘SDR, diseases of circulatory system’, for which the
absolute difference is evident. The other indicators were
subsequently used to extract further heterogeneity within
these twomain groups. In fact, Eastern European countries
feature, on average, twice the mean value in the number of
deaths caused by this group of diseases. These countries are
also the worst performers in the number of deaths due to
diseases of the digestive system and to malignant neo-
plasms. In contrast, the Southern and some Nordic coun-
tries in cluster 3 have the best performance, registering a
considerably lower number of deaths, in some cases half
the total average.
Finally, we resort to a simple visual tool for quickly
inspecting the quality and validity of the results obtained.
We plot the two most significant indicators against each
other and use the cluster cases as labels. Heterogeneous
(badly formed) clusters are featured in a dispersed,
Table 1 Cluster compositions obtained for each of the group of indicators
Indicators Cluster
1 2 3 4 5 6 7
Mortality-
based
Austria, Finland,
Germany, Greece,
Malta, Slovenia,
Sweden
Croatia, Czech
Republic, Estonia,
Poland
Belgium, Denmark, France,
Ireland, Italy, Luxembourg,
the Netherlands, Norway,
Portugal, Spain,
Switzerland, United
Kingdom
Hungary, Latvia,
Lithuania,
Slovakia,
Romania
Morbidity-
based
Austria, Germany Belgium,
Luxembourg,
Norway, Slovenia,
Sweden, Switzerland
Hungary, Lithuania,
Romania
Croatia, Ireland,
Italy, Malta, the
Netherlands,
Portugal, Spain,
United Kingdom
Czech Republic,
Denmark,
Estonia, Finland,
Greece, Latvia,
Poland, Slovakia
France
Utilisation Austria, Germany,
Lithuania
Belgium, Croatia,
Estonia, Latvia,
Luxembourg,
Slovenia
Czech Republic, Hungary,
Slovakia
Denmark,
Greece, Ireland,
Norway,
Sweden,
Switzerland,
United Kingdom
Finland, France Italy,
Portugal,
Spain
The
Netherlands
Physical
resources
Austria, Czech
Republic, Greece,
Hungary,
Luxembourg,
Poland, Romania,
Slovakia
Belgium, Croatia,
Malta, the
Netherlands,
Slovenia
Bulgaria, Finland, France,
Germany, Lithuania
Estonia, Latvia,
Switzerland
Italy, Norway,
Portugal, Spain,
Ireland, Sweden
Human
resources
Austria, Germany,
Lithuania, Italy,
Portugal
Luxembourg,
Belgium, Finland,
Norway
Czech Republic, Croatia,
Bulgaria, France, Estonia
Denmark,
Switzerland
Hungary,
Romania, the
Netherlands,
Slovenia, Latvia,
Spain
Poland,
Slovakia,
Malta,
United
Kingdom
Greece
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uncorrelated way. Homogeneous groups, on the other
hand, can be clearly identified. Figure 3 depicts this.
Morbidity
Selection of indicators The HFA-DB contains three distinct
types of morbidity indicators: incidence of diseases, pre-
valence of diseases and hospital discharges per disease.
Each group of indicators portrays different information.
Since a lot of missing blanks exist for incidence and
prevalence of diseases, we will only consider the hospital
discharges as this type of indicator is commonly used to
measure system output (Varabyova & Schreyögg, 2013).
The list of hospital discharge indicators can be found in
Table 4. Similar to the case of mortality-based indicators,
only groups of diseases were considered.
Data treatment, standardisation and aggregation In this
particular case, it was verified that some indicators for
2013 were missing, which needs to be handled adequately,
since cluster analysis cannot be conducted if data are
missing. We have decided to use the last available year as
not enough data were available to run a statistically
significant regression.
Subsequently, the process followed to obtain the clusters
using the morbidity-based indicators is very similar to the
one previously applied to mortality rates. A multicollinear-
ity analysis needs to be conducted in order to identify
correlations between indicators that could potentially
boost the importance of a particular category of indicators,
thereby biasing the cluster formation. None have sur-
passed the threshold of 0.85 below the significance thresh-
old, and therefore no indicators have been removed.
As before, no standardisation or transformation technique
will be applied as hospital discharges by disease are
Table 2 Cluster and country relative status by group of indicators
Relative
Status
Demand Utilisation Supply
Mortality-based
indicators
Morbidity-based
indicators
Human
resources
Physical
resources
Low 1 Austria, Finland,
Germany, Greece,
Malta, Slovenia,
Sweden
2 Belgium, Luxembourg,
Norway, Slovenia, Sweden,
Switzerland
2 Belgium, Croatia,
Estonia, Latvia,
Luxembourg, Slovenia
3 Czech Republic,
Croatia, Bulgaria,
France, Estonia
2 Belgium, Croatia, Malta,
the Netherlands, Slovenia
3 Belgium, Denmark,
France, Ireland, Italy,
Luxembourg, the
Netherlands, Norway,
Portugal, Spain,
Switzerland, United
Kingdom
4 Croatia, Ireland, Italy,
Malta, the Netherlands,
Portugal, Spain, United
Kingdom
3 Czech Republic,
Hungary, Slovakia
5 Hungary, Romania,
the Netherlands,
Slovenia, Latvia,
Spain
5 Italy, Norway, Portugal,
Spain, Ireland, Sweden
5 Finland, France 6 Poland, Slovakia,
Malta, United
Kingdom
7 the Netherlands 7 Greece
High 2 Croatia, Czech
Republic, Estonia,
Poland
1 Austria, Germany 1 Austria, Germany,
Lithuania
1 Austria, Germany,
Lithuania, Italy,
Portugal
1 Austria, Czech Republic,
Greece, Hungary,
Luxembourg, Poland,
Romania, Slovakia
4 Hungary, Latvia,
Lithuania, Slovakia,
Romania
3 Hungary, Lithuania,
Romania
4 Denmark, Greece,
Ireland, Norway, Sweden,
Switzerland, United
Kingdom
2 Luxembourg,
Belgium, Finland,
Norway
3 Bulgaria, Finland, France,
Germany, Lithuania
5 Czech Republic,
Denmark, Estonia, Finland,
Greece, Latvia, Poland,
Slovakia
6 Italy, Portugal, Spain 4 Denmark,
Switzerland
4 Estonia, Latvia, Switzerland
6 France
Table 3 Clusters formed by the intersection of the clusters
obtained using mortality- and morbidity-based indicators
Super cluster Countries
1 Austria, Germany
2 Finland, Greece
3 Estonia, Poland
4 Hungary, Lithuania, Romania
5 Ireland, Italy, the Netherlands, Portugal, Spain, and
United Kingdom
6 Latvia, Slovakia
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reported in ratios of 100,000 people, and the idea is to
preserve the relative differences between diseases.
Clustering algorithm After running an HCA on the mor-
bidity indicators we obtain a dendrogram to assist with the
cluster formation. The tree obtained is more complex to
interpret than the previous one (see Figures A2 and A3 in
Appendix), suggesting that more indicators were used to
calculate dissimilarity distances within and between clus-
ters. First, there is a clear separation between the first group
of eight countries and all the remaining ones. A quick look
at the data reveals that these countries have, on average,
the lowest number of hospital discharges registered. All the
remaining groups exhibit higher hospital discharges, with
Austria and Germany leading the chart with the highest
number. The further expansion of the nodes suggests that
further differences can be found within countries.
Before going deeper into the analysis, we again resort to
a scree plot for determining the cutting point and defining
the number of clusters (Figure A4). Contrarily to the pre-
vious case, there is no sharp elbow, but it is noticeable that
after the sixth cluster the distance that can be increased is
significantly reduced. We therefore define the number of
clusters to six. It should be kept in mind that there is a
trade-off in the aggregation process, where the distance is
at its lowest value only when each country belongs to a
single and unique cluster, but defeating altogether the
purpose of the aggregation.
After fixing the number of clusters to six, we run the
k-means algorithm to obtain a detailed description of
the most relevant indicators to form the clusters (Table 4).
The first thing we notice is that the algorithm was unable to
group France in any cluster, implying that its values
are so unique that the country is better classified as an outlier.
Second, a clear geographical segregation between Eastern and
Western countries is not as evident as with the mortality-
based indicators, although it exists to a certain degree.
Validation and interpretation The analysis of the F-tests
helps clarify on the relative importance of each variable
when forming the clusters (cf. Table 5). Contrarily to the
clusters generated with the mortality-based indicators, all
the variables were used to form the groups, as they all were
statistically significant at a level below 0.001. With the
highest F-test score, ‘2520 Hospital discharges, digestive
system diseases’ was the most important indicator,
followed by hospital discharges related to diseases in the
circulatory system. As expected, these indicators exert a
large influence since they represent the largest amount of
hospital discharges. In contrast, infectious and parasitic
diseases put less stress on the healthcare system when
measured only in terms of number of persons discharged,
and so were less critical when generating the clusters.
Note that treatments to diseases differ in the amount of
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Figure 2 A scatter plot depicting the most significant SDRs used to form the clusters along with the distances between indicators for
each country.
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Figure 3 Scatter plot depicting the correlation between the
two most significant indicators. Clusters can be clearly identified,
suggesting an acceptable partitioning.
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Table 4 List of pre-selected variables for each indicator, and variables excluded for failing to meet all of the inclusion
criteria
Code Name Target Sample
Mortality-based indicators
Included
1320 SDR, diseases of circulatory system all ages per 100k
1520 SDR, malignant neoplasms all ages per 100k
1740 SDR, motor vehicle traffic accidents all ages per 100k
1820 SDR, infectious and parasitic diseases all ages per 100k
1830 SDR, diseases of respiratory system all ages per 100k
1850 SDR, diseases of digestive system all ages per 100k
1870 SDR, endocrine, nutritional and metabolic diseases all ages per 100k
1900 SDR, mental disorders, diseases of nervous system and sense organs all ages per 100k
1910 SDR, disease of genito-urinary system all ages per 100k
1920 SDR, symptoms, signs and ill-defined conditions all ages per 100k
1960 SDR, acute respiratory infections, pneumonia and influenza < 5 years per 100k
Excluded
1340 SDR, ischaemic heart disease all ages per 100k
1360 SDR, cerebrovascular diseases all ages per 100k
1540 SDR, trachea/bronchus/lung cancer all ages per 100k
1560 SDR, cancer of the cervix uteri all ages per 100k
1590 SDR, malignant neoplasm female breast all ages per 100k
1840 SDR, bronchitis/emphysema/asthma all ages per 100k
1860 SDR, chronic liver diseases and cirrhosis all ages per 100k
1880 SDR, diabetes all ages per 100k
1890 SDR, diseases of the blood, blood forming organs and certain immunity disorders all ages per 100k
1930 SDR, tuberculosis all ages per 100k
1940 SDR, diarrhoeal diseases < 5 years per 100k
1970 SDR, selected alcohol-related causes all ages per 100k
1980 SDR, selected smoking-related causes all ages per 100k
Morbidity-based indicators
Included
2300 Hospital discharges, infectious and parasitic diseases all ages per 100k
2310 Hospital discharges, all neoplasms all ages per 100k
2450 Hospital discharges, circulatory system diseases all ages per 100k
2500 Hospital discharges, respiratory system diseases all ages per 100k
2520 Hospital discharges, digestive system diseases all ages per 100k
2530 Hospital discharges, musculoskeletal system and connective tissue diseases all ages per 100k
2540 Hospital discharges, injury and poisoning all ages per 100k
Excluded
2460 Hospital discharges, ischaemic heart disease all ages per 100k
2480 Hospital discharges, cerebrovascular diseases all ages per 100k
Utilisation indicators
Included
6010 Inpatient care discharges all ages per 100
6100 Average length of stay, all hospitals all ages per 100k
6210 Bed occupancy rate (%), acute care hospitals only all ages % of total
6300 Outpatient contacts all ages per person per year
Excluded
6020 Acute care hospital discharges all ages per 100
Physical resources indicators
Included
5010 Hospitals – per 100k
5050 Hospital beds – per 100k
5020 Acute (short-stay) hospitals – per 100k
5070 Psychiatric hospital beds – per 100k
5100 Nursing and elderly home beds – per 100k
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Table 4: (Continued )
Code Name Target Sample
Excluded
5060 Acute care hospital beds hospitals – per 100k
Human resources indicators
Included
5250 Physicians – per 100k
5300 Dentists (PP)
5320 Nurses (PP) – per 100k
5350 Midwives (PP) – per 100k
Excluded
5290 General practitioners (PP) – per 100k
Table 5 ANOVA F-tests for the variables used to form the clusters. For descriptive purposes only as the clusters have been
chosen to maximise the differences among cases in different clusters and the significance levels are not corrected for this
ANOVA F-test results
F-test Sig.
Mortality-based indicators
1320 SDR, diseases of circulatory system 183.844 0.000
1520 SDR, malignant neoplasms 10.404 0.000
1740 SDR, motor vehicle traffic accidents 5.073 0.007
1820 SDR, infectious and parasitic diseases 1.959 0.147
1830 SDR, diseases of respiratory system 2.836 0.059
1850 SDR, diseases of digestive system 20.126 0.000
1870 SDR, endocrine, nutritional and metabolic diseases 0.331 0.803
1900 SDR, mental disorders, diseases of nervous system and sense organs 3.699 0.026
1910 SDR, disease of genito-urinary system 0.832 0.490
1920 SDR, symptoms, signs and ill-defined conditions 0.710 0.555
1960 SDR, acute respiratory infections, pneumonia and influenza 2.163 0.119
Morbidity-based indicators
2520 Hospital discharges, digestive system diseases 31.863 0.000
2450 Hospital discharges, circulatory system diseases 28.524 0.000
2310 Hospital discharges, all neoplasms 19.504 0.000
2530 Hospital discharges, musculoskeletal system and connective tissue diseases 17.991 0.000
2540 Hospital discharges, injury and poisoning 12.204 0.000
2500 Hospital discharges, respiratory system diseases 11.550 0.000
2300 Hospital discharges, infectious and parasitic diseases 6.841 0.001
Utilisation indicators
6010 Inpatient care discharges 17.747 0.000
6100 Average length of stay 7.895 0.000
6210 Bed occupancy rate (%), acute care hospitals only 8.855 0.000
6300 Outpatient contacts 17.968 0.000
Healthcare physical resources
5010 Hospitals per 100,000 29.748 0.000
5050 Hospital beds per 100,000 21.278 0.000
5020 Acute (short-stay) hospitals per 100,000 24.331 0.000
5070 Psychiatric hospital beds per 100,000 5.082 0.005
Healthcare human resources
5250 Physicians per 100,000 11.458 0.000
5300 Dentists (PP) per 100,000 11.566 0.000
5320 Nurses (PP) per 100,000 14.521 0.000
5350 Midwives (PP) per 100,000 12.516 0.000
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human and physical resources required, and so the num-
ber of hospital discharges is an incomplete proxy to the
stress put on the healthcare system. Although this has no
impact on the methodological approach, it may have
on conclusions drawn from the results. For that reason, it
would be beneficial to have a proper balancing taking this
into account.
With this information at hand, we can now proceed
with a more precise analysis of the clusters. First, cluster 4
has, on average, the lowest number of hospital discharges
for all diseases. In sharp contrast, cluster 1, composed of
Austria and Germany, has the highest number of dis-
charges, followed by cluster 3, which is mostly composed
of Eastern European countries. France has the highest
record in some of the indicators (e.g. ‘2520 Hospital
discharges, digestive system diseases’, where it has twice
the average of discharges), but average or below average
values in others. For this reason, it did not fit any of the
clusters and was thus put into a single cluster (cluster 6).
Finally, clusters 2 and 5 have similar number of dispatches,
on average, although countries from cluster 2 have a lower
number of dispatches. Overall, cluster 4 has the smallest
number of hospital discharges and cluster 1 has the high-
est. Note that using only this indicator makes it impossible
to ascertain whether this is a result of inefficiency or low
incidence. This information is summarised in Table 2.
Utilisation indicators
Utilisation indicators can provide insights into both supply
and demand. On the one hand, indicators such as inpatient
and outpatient contacts or length of stay are outputs of the
production of healthcare services. On the other hand, such
indicators also reflect the demand for healthcare services,
but only of those effectively provided. While mortality- and
morbidity-based indicators provide us with an insight of the
general healthcare needs of a population, whichmay or may
not translate into effective demand (Castelli et al, 2011),
utilisation-based indicators translate actual utilisation ratios
of the healthcare facilities, such as hospitals or primary care
centres. Health needs may not always translate into actual
demand due to several impediments such as financial
constraints arising from expensive out-of-pocket treat-
ments, or due to long waiting lists resulting from inefficient
health systems.
Selection of indicators The procedure followed does not
differ significantly from the method previously used.
We start by selecting the variables to be used. The set of
available variables is limited, essentially reporting overall
inpatient care discharges, bed occupancy rates, average
length of stay and number of outpatient contacts per year.
Table 4 lists all the indicators used.
Data treatment, standardisation and aggregation Note that
the indicators are reported in different units, and
so variable standardisation is required to remove this
potentially misleading effect. We map the indicators to a
0–1 range, preserving relative differences between coun-
tries. We also run a multicollinearity analysis, in the end
removing ‘Acute care hospital discharges’ as these dis-
charges are already accounted for in the more general
inpatient care discharges.
Clustering algorithm It is then possible to run the HCA
and obtain a preliminary grouping. Complementing the
dendrogram with a scree plot analysis (see Figures A5 and
A6), we find no clear elbow where to define the cutting
point. Nevertheless, and considering that decreases in the
distance coefficient get smaller between the seventh and
the ninth cluster, after which they are almost marginal, we
fix the number of clusters to seven. Running a k-means
cluster analysis with k=7, we obtain the final cluster
formation reported in Table 1.
Validation and interpretation Again, the ANOVA table
helps to explain and validate the cluster formations (Table
5). According to the F-tests, both ‘Outpatient contacts’ and
‘Inpatient care discharges’ were the most critical indicators
for grouping the countries. Following the results already
obtained for the morbidity indicators, Austria and Germany,
and also Lithuania, exhibit the highest number of
inpatient care discharges. As for the number of outpatient
contacts per year, cluster 3, composed of Czech Republic,
Hungary and Slovakia, tops the list. On the opposite side,
countries from cluster 4 have the lowest number of out-
patient contacts per person, and, therefore, a small percen-
tage of ambulatory care. In contrast, this group of
countries exhibits, on average, the highest rate of bed
occupancy (in acute care hospitals). Cluster 5, on the other
hand, has both a relatively low bed occupancy rate, and a
low number of outpatient contacts. However, on average,
it has the highest average length of stay. The Netherlands
did not fit any of the pre-existing clusters due to its
extremely low bed occupancy rate and low inpatient care
discharges. Interestingly, Southern countries from cluster
6 (Portugal, Italy and Spain) exhibit the lowest number of
inpatient care discharges and below-average bed occu-
pancy rates.
In summary, these results help to divide the clusters as
follows: countries with health systems more orientated
towards inpatient care and with average outpatient con-
tacts (clusters 1 and, to some extent, 2); and countries with
a model devised towards outpatient contacts (cluster 3).
We can also identify countries with high occupancy rates,
average inpatient care discharges and low outpatient con-
tacts (cluster 4), and countries with average to low inpa-
tient care discharges but long stays at the hospital and
high bed occupancy rates (clusters 5 and 6).
Supply-based indicators
Physical resources Indicators reporting the available
physical resources can be used in several ways. First, when
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used together with the utilisation-based indicators, these
indicators help to identify countries in a situation of under-
or over-capacity of its physical resources. Second, they can
shed a light on the capital intensity of the health system,
that is, whether it is labour-intensive or capital-intensive.
Finally, they can be used to identify countries with a similar
infrastructure. This is highly relevant since infrastructure
investment is a long-term decision that cannot be taken
lightly, and therefore policy proposals that compare asym-
metric countries without taking this into account will fail to
provide realistic (applicable) suggestions.
Selection of indicators The indicators used to perform the
analysis are identified in Table 4. Data reported either relates
to the number of hospitals or hospital beds by specialty.
Data treatment, standardisation and aggregation The
multicollinearity analysis identified a strong correlation
between ‘Hospital beds’ and ‘Acute care hospital beds’,
which is expected since the first indicator already encom-
passes the second. Therefore, it has been removed. Also,
rescaling was applied to remove the effect introduced by
the usage of different scales.
Clustering algorithm Running HCA followed by a scree
plot analysis points to a cutting-point at 4, optionally at
5 clusters (cf. Figures A7 and A8). Fixing the number of
clusters to 5 and running a k-means cluster analysis
originates the cluster formations reported in Table 1.
Exhibiting high statistical significance, the number of
hospitals, reported both through the indicators ‘Hospitals’
and ‘Acute (short-stay) hospitals’, played a significant role in
forming the clusters. In fact, cluster 3 includes the countries
with the highest number of hospitals, both for short and
long stays. Cluster 4, composed of countries like Estonia,
Latvia and Switzerland (cf. Table 1), is similar, but with a
lower number of short-stay hospitals and hospital beds.
Cluster 5, composed of Southern and some Nordic countries,
exhibits some of the lowest numbers in terms of hospitals
and hospital beds. Note that the capacity to deliver does not
imply more health gains, as more resources do not necessa-
rily amount to more healthcare services provided. In fact, it
may actually mean that there is a suboptimal resource
allocation, with too many (or too few) expensive physical
resources. To clarify, we again resort to a brief analysis of the
capital-intensity to identify low and high capital intensity in
the health systems. Note that the indicators are already
normalised by population size, hence removing the differ-
ence in that size. Results are reported in Table 2.
Validation and interpretation According to the ANOVA
F-test results provided in Table 5, where we test for the
variables explaining the differences between groups, all
indicators bar the number of psychiatric hospital beds
were highly significant in determining differences
between health systems, and therefore in defining the
clusters. The clusters formed reflect four different health-
care architectures: a low number of hospitals and hospital
beds (cluster 5); a large number of hospitals but with few
hospital beds (cluster 4); a small to average number of
hospitals but with large amount of hospital beds (clusters 1
and 2); and health systems with both a high number of
hospitals and hospital beds (cluster 3). Geographical dis-
tance does not explain these clusters, as both eastern and
western countries, Nordic and southern countries are
intermingled in different clusters. This fact is suggestive
of an explicit choice in terms of the organisational model.
Human resources
Selection of indicators The indicators used to perform the
analysis are identified in Table 4. Human resources are
measured in terms of number of physicians, nurses, den-
tists and midwives employed, regardless of their speciali-
sation, if any.
Data treatment, standardisation and aggregation Since
‘General Practitioners’ is a subcategory of ‘Physicians’, we
anticipate a multicollinearity issue, which is confirmed by
running the tests. We therefore discarded this indicator
from the analysis as it was already incorporated in the
parent set.
Since all indicators are reported in a pre-standardised
way (number of professionals per 100,000 inhabitants), no
further standardisation was required.
Clustering algorithm We repeat the exact same procedure,
this time applied to the indicators portraying the avail-
ability of human resources (cf. Table 4). We ran HCA fol-
lowed by a coefficient analysis through a scree plot to
decide on the number of clusters. With the help of both
the dendogram and the scree plot (Figures A7 and A8) we
fix this number to seven in order to run k-means and
obtain the final cluster composition.
Validation and interpretation The resulting clusters are
reported in Table 1, and the ANOVA F-test statistics are
reported in Table 5. The statistical significance tests seem
to suggest that no particular indicator had a distinctive
influence in the cluster formations. Despite this, the
number of nurses was the most significant. Regarding how
the countries were grouped, of the seven clusters formed, it
is immediate to see that Greece is a clear outlier. It tops the
chart in both the number of physicians and dentists, hav-
ing twice the average number, while at the same time it is
the country with the lowest number of nurses. With also a
significant amount of physicians but a not so high number
of nurses, although well below Greece, is cluster 1, com-
posed of countries like Austria, Germany (again, these two
countries are part of the same group), Lithuania, Italy or
Portugal. In contrast, cluster 2, composed of countries like
Luxembourg, Belgium, Finland and Norway, has the exact
opposite characteristics: a relatively small number of phy-
sicians and a quite large number of nurses and midwives.
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Cluster 4, composed of Switzerland and Denmark, also
demonstrates an extremely high nurse-to-physician ratio,
but with a considerably higher number of physicians,
therefore not featuring on cluster 2.
We can then characterise some of the clusters according
to their healthcare delivery model: countries with a low
number of physicians and a low number of nurses (cluster
7); countries featuring a high number of physicians but
a low number of nurses (cluster 1); countries featuring a
low number of physicians but a high number of nurses
(clusters 2 and 4); and countries with both a high number
of physicians and nurses (cluster 3).
Discussion
In this article, we had several objectives: (i) to warn against
the methodological flaws potentially posed by the usage of
benchmarks or simple ratio comparisons drawn between
different health systems, subject to disparate health pat-
terns, asymmetric healthcare infrastructure, and several
other contrasting characteristics; (ii) to propose a metho-
dology to group countries according to their similarities in
each health indicator, providing clusters of countries that
share similar characteristics so that comparisons can be
made in a (methodologically) robust way; (iii) to discern
the profiles of the groups of countries for each indicator,
providing preliminary insights and a similarity matrix
ranking the most and the least similar countries. With this
theoretical and empirical contribution, we aim to provide
the underpinnings for more accurate comparisons
between health systems, upon which performance ana-
lyses or benchmarking can be conducted. To some degree,
the proposed approach avoids error-prone comparisons
with the global average.
Relative performance analyses
Applying the methodology to the indicators provided by
the OECD’s HFA-DB provides some interesting insights
that benefit from further discussion. After the clusters are
generated, we perform an inter-cluster qualitative compar-
ison and characterise the groups obtained in terms of
relative performance. To do so, we start by calculating the
average of the cluster for each variable considered, and
then label countries as below average exhibiting a low
performance, or above average exhibiting a high perfor-
mance (note that low does not mean ‘bad’ or ‘inefficient’,
but only that the measurement is lower comparatively to
the average, and vice-versa). In terms of mortality, we then
establish that, in relative terms, clusters 1 and 3 exhibit
low mortality rates, while clusters 2 and 4 exhibit high
mortality rates. Unsurprisingly, this reflects the Western/
Eastern asymmetries mentioned previously, with former
Soviet countries still trying to catch up in terms of
healthcare gains in comparison with other health systems.
In fact, this sharp difference is quite noticeable, with the
worst performing clusters registering twice the average of
SDRs.
Contrarily to mortality-based indicators, it would be
fallacious to draw conclusions from the qualitative assess-
ment on the relative performance of the clusters solely
based on the number of dispatches, the proxy selected to
characterise morbidity. Exhibiting a high or low number of
hospital discharges does not characterise the system. The
health system can be either highly efficient and effective
because it can treat a large number of patients, or simply
because the incidence and prevalence rates of those dis-
eases are lower in some countries, which would naturally
lead to less hospital entries, and hence less discharges.
Nevertheless, this analysis provides a first insight into the
comparative performance of the groups. We see that high
numbers of hospital discharges are not a characteristic
unique to less developed healthcare systems. In fact, the
cluster composed of Austria and Germany report, on
average, the highest number of hospital discharges.
Characterising demand
As previously discussed, a simple quantitative analysis
of the morbidity rates measured in terms of hospital
discharges would be misleading. High hospital discharges
may not necessarily suggest that the health system is
efficient. But if we compare the morbidity-based hospital
discharges with the mortality SDRs, we can better char-
acterise the potential demand (needs) for healthcare.
A priori, it can be conjectured that countries exhibiting
high mortality rates and low hospital discharges are not
providing appropriate care. Likewise, countries exhibiting
low mortality rates and high hospital discharges would
suggest a high amount of care. Such information can be
useful for characterising the stress that different healthcare
systems have to endure, and therefore enhance the robust-
ness of future comparisons.
Figure 4 shows how countries perform when both
mortality-based indicators and morbidity-based indicators
are considered. We also group those countries that were
part of the same group both in the mortality- and morbid-
ity-based cluster analysis. Despite reducing the number of
countries in the clusters, this meta-clustering technique
strengthens the cluster formations, bringing together
countries that are similar in more than one set of indica-
tors. The plot is divided into four quadrants. Countries
exhibiting both low (high) hospital discharges and low
(high) mortality rates are of no particular interest, as it is
expected that if more people carry a disease, more hospital
discharges and more mortality will follow, and vice-versa.
The revealing cases are those countries that have either a
high number of hospital discharges but low mortality
rates, suggesting that these countries are making efforts
for containing the diseases and treating patients, or a low
number of hospital discharges and high mortality rates,
implying that a considerable number of people are dying
without proper treatment or inadequate care is being
provided. The former is the case of Austria and Germany,
which have a comparatively low mortality rate despite the
large number of hospital discharges. Latvia and Slovakia
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are on the opposite side, as they have extremely high
mortality rates with a low number of hospital discharges,
which can be interpreted as incapacity to deliver effective
healthcare, or a healthcare system based on an outpatient
contact approach that is not generating satisfactory results
in terms of health gains.
With this information, we can form clusters of countries
featuring similar morbidity trends, when measured in
terms of outputs (hospital discharges), and effectiveness
of the care services delivered, when measured in terms of
mortality rates (Table 3).
With these super-clusters, it is possible to make compar-
isons at two different levels, between and within groups.
For instance, if Romania would like to improve its death
accruals, they should probably look to Hungary for gui-
dance, as it has the same number of hospital discharges,
and yet lower death records. Similarly, if Portugal wants to
improve the death records, it should look to Spain or Italy,
rather than the EU average or any other country outside its
cluster. Comparisons between clusters are also possible
using a relative performance index. In particular, clusters
1 and 5 in Table 3 both exhibit low levels of mortality.
However, contrarily to Austria or Germany, countries from
cluster 5 register significantly lower hospital discharges,
implying that for each person discharged, holding every-
thing else constant, more are dying due to a disease. This
may be indicative of lack of proper or timely treatment.
Characterising supply
Output in terms of healthcare services is the result of the
production using input factors needed to deliver care, both
physical (capital) and human (labour). Physical resources
encompass hospitals, hospital beds, screening and treat-
ment technology, or drugs. We have focused only on the
indicators provided in the HFA-DB, which include the
number of hospitals and hospital beds. Human resources
include physicians, nurses, midwives, dentists, medical
assistants, etc. Only those present in the HFA-DB and with
no significant missing information were included in the
analysis.
The data available on the HHR in each country seem to
suggest a very different approach to healthcare delivery,
focused essentially in the role of the physician in the first
case, and on a higher delegation of tasks to the nursing
profession in the second case.1 To illustrate this, we draw a
two-dimensional graph depicting HHR (Figure 5). As men-
tioned before, Greece is a clear outlier, with a number of
physicians well above the EU average, while having the
lowest record of nurses. This is also visible in countries
such as Austria, Italy or Lithuania. On the other extreme in
terms of healthcare model are countries such Belgium,
Denmark, Norway, Luxembourg, Finland or Switzerland,
which register a high number of nurses but a low number
of physicians. It is interesting to note that this trend is
common to Northern European countries, apparently
favouring a healthcare workforce with a high prevalence
of nurses.
Another conclusive analysis consists of plotting both
human and physical resources, which makes it possible
to obtain a degree of capital and labour intensity of the
healthcare system in each country. To assess labour inten-
sity, we considered an unweighted sum of the number of
physicians and nurses. Without disregarding the impor-
tance of other clinical actors, these are the core human
resources of any healthcare system. As for capital intensity,
we consider only the number of hospital beds. The scatter
plot in Figure 6 provides visual guidance to understand
these health models.
The most interesting cases are those countries exhibiting
asymmetries between capital and labour, implying a radi-
cally different approach to healthcare delivery. Interest-
ingly, countries such as Denmark, Norway or Switzerland
appear to be using plenty of human resources, especially
nurses, while keeping the number of hospital beds rela-
tively low. A tentative explanation could lie in the fact that
these countries are able to treat patients more quickly, and
hence free physical resources (hospital beds). Considering
that in our case capital intensity portrays the number of
hospital beds and not the entire set of technologies used to
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Figure 4 Hospital discharges vs mortality SDRs per country. The
groups formed include countries that are featured in the same
cluster in both criteria, mortality and morbidity rates.
AT
DE
LT
ITPT
BE
NO
CZ
HR
BG
FR
EE
CH
DK
GR
HU
NL
LV ES
SK
MT
N
um
be
r 
of
 n
ur
se
s 
(p
er
 1
00
 th
ou
sa
nd
pe
op
le
)
Number of physicians (per 100 thousand people)
Physicians versus nurses by country
LO
W
H
IG
H
LOW HIGH
Mean
280
Figure 5 A two-dimensional graph depicting physician and
nursing intensity in each country.
1Alternatively, this may be the result of disparities in the way
the number of nurses are reported to WHO, since in some
countries some auxiliary professions count as nursing.
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treat patients, this is the only hypothesis standing. On the
opposite side are the countries employing a significant
amount of capital with a low labour intensity. Almost all
Eastern European countries exhibit this trend. This appar-
ently high availability of resources may help with a surge
in demand, but it says nothing about the capacity to
deliver effective healthcare services. While a physician or
a nurse may always deliver services in better or worse
conditions regardless of the infrastructure available, that
is not the case with an empty bed. Either way, validating
any of the hypotheses would require a thorough and
methodologically rigorous approach, outside the scope of
this work.
Similarity matrix
Finally, and gathering all the clusters obtained for each of
the indicators, we can construct a similarity/dissimilarity
matrix, pinpointing countries that are part of the same
group, and hence similar to each other, in a given number
of indicators. Figure 7 shows that while some countries are
similar to each other in several dimensions, others differ
significantly. For instance, Portugal and Italy are part of
the same cluster for five out of five indicators. With a
similarity of four, countries like Portugal and Spain, Hun-
gary and Romania, Belgium and Luxembourg, or Austria
and Germany, feature in the same cluster in four out of the
five indicators. Also important to international compari-
sons may be to identify countries that share no common
ground at all. Although this may be due to different stages
of development, which appears to be the case, for instance,
of Austria and Hungary, it may also reflect substantially
different approaches to healthcare delivery. For instance,
Austria and Ireland, countries with an almost identical
GDP per capita, are extremely different, and so they do not
feature in the same cluster in any of the indicators. Note
that due to the lack of data, it was not possible to include
all countries for all the indicators, which means that this
matrix may be under-represented.
Conclusion
In this paper we have proposed a new approach to cross-
country comparisons, which avoids the pitfalls of bench-
marking against the average or of absolute rankings that
sometimes lead to disputable conclusions if not outright
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erroneous policy choices. Instead of finding winners and
losers, this methodology establishes similarities between
countries. Performance and efficiency analyses can addi-
tionally be conducted, but at a different granularity level.
From a policy perspective, it is better to inform and
improve based on the experience of a country that shares
common ground rather than on the most efficient and yet
structurally different country.
Our methodology consists in applying state-of-the-art
clustering techniques to group similar countries accord-
ing to several indicators. We applied this methodology to
WHO’s HFA-DB, a comprehensive database containing indi-
cators related to mortality, morbidity, utilisation, and physi-
cal and human resource indicators. We were able to group
countries in each of the five dimensions, and explain the
cluster formations. Moreover, and based on these results, we
constructed a similarity matrix. The results obtained and
discussed serve the primary purpose of demonstrating the
methodology, but also allow for a preliminary comparative
analysis of the health systems. In the future, we expect this
methodology to be applied to a more comprehensive set of
data so that more insightful and robust conclusions can be
drawn to guide policy reforms.
Another interesting application of this methodology
is the ability to directly compare countries. From the
demand analysis, we highlighted that Hungary and Romania
were part of the same cluster, but Hungary featured a
considerably smaller mortality rate within the group when
compared to Romania. If we add the dimension of supply,
characterised by both labour and capital, we notice that
Hungary has both a higher capital and labour intensity in
comparison to Romania. Although a more rigorous econo-
metric analysis that controls for other factors would be
advisable to validate the hypothesis, this seems to suggest
that improved health results may be due to more physical
and human resources. This result can also be observed
between Portugal and Italy, part of the same group in both
dimensions. Italy has a smaller mortality rate than Portu-
gal, but also more resources to deliver healthcare, both in
terms of physicians and nurses, and in hospital beds. But
in comparison with Spain, Portugal exhibits a higher
mortality rate compared with Spain, despite employing
more capital and more labour. Given the similarities and
the results achieved, Spain may be reference country to
guide future policy decisions in Portugal.
Notwithstanding, comparisons can also be drawn in a
more elaborate way. For instance, production functions
based on empirical estimates can be used to aggregate
inputs such as physical and human resources, as well as
hospital beds, other administrative staff, etc. Clustering
can then be conducted using the production function as a
measure of distance. In a similar way, analyses can be
complemented with further information. In the compar-
ison previously established between Portugal and Spain,
one could also have included the age structure in addition
to the previous results. Given the similarity between the
age structures of both countries, this would further rein-
force the point.
Finally, it would also be interesting to apply a non-
parametric tool like DEA to obtain the efficiency frontier
within clusters. This may only work if the number of
countries exceeds the number of outputs, or if the outputs
are aggregated in order to ensure this condition. Such a
limitation of DEA is typically found in comparisons within
hospitals, where the number of outputs (e.g. measured in
DRGs) far exceeds the number of hospitals (Newhouse,
1994). For this reason, simplified measures of outputs, such
as inpatient contacts or length of stay, are frequently used to
be able to apply DEA. Another option may be the use of
explicit weights to combine several outputs into a single
index, as proposed by Castelli et al (2015), in this way
avoiding the need of DEA. Such methodology could also be
used to group indicators within each category prior to
performing the clustering analysis. In fact, the methodology
proposed by Castelli provides strong foundations on how to
group hospital inputs and outputs. For instance, statistics of
inpatient and outpatient contacts are grouped into hospital
inputs, and data of agency and medical labour as well as
capital and intermediate goods and services are grouped as
inputs in a health production function. The application of
such aggregationmethodology could complement themeth-
odology presented here.
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Appendix
Figure A1 Dendrogram obtained from applying HCA with Ward’s method to mortality-based indicators.
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Figure A2 Scree plot for defining the elbow, that is, the cutting point in the number of clusters. The distance measured is within the
cluster.
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Figure A3 Dendrogram obtained from applying HCA with Ward’s method to morbidity-based indicators.
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Figure A4 Scree plot for defining the elbow, that is, the cutting point in the number of clusters. The distance measured is within the
cluster.
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Figure A5 Dendrogram obtained from applying HCA with Ward’s method to utilisation indicators.
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Figure A6 Scree plot for defining the elbow, that is, the cutting point in the number of clusters. The distance measured is within the cluster.
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Figure A7 Dendrogram obtained from applying HCAwith Ward’s method to physical resources (left) and human resources (right) indicators.
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Figure A8 Scree plot for defining the elbow, that is, the cutting point in the number of clusters in healthcare physical (left) and
human (right) resources.
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